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• ELECTRONIC ASSEMBLY 

f 

SELF- INSTRUCTIONAL TRAINING SYSTEM FOR THE DEAF : 
DOCUMENTARY REPORT 



PURPOSE' OF THE REPORT 

* r- • * 

^The purpbse of* this report is to document the origins and development 
of the El^fctronic Assembly Self-Instructional Training System for the 
Deaf, The content and functions of the system are described, together " 
with the instructional concept on which the system is based. Both the 
conceptual and developmental antecedents of the system are identified. 
An evaluation of instructional and . adminis trative effectiveness is 
based on tryout aad classroom experience, 

SUMMARY " ' 

The objective' of system development was to provide a self-insttructional 
curriculum which wou'ld prepare deaf high school students for entry-level 
electronic assembly jobs in industry, A second objective was'to'base 
s9(stem development on a model of instruction which c&uld serve for the. 
development and improvement of other curriculum,' both vocational and 
academic, * u 

A course of instruction was devised consisting of » seven discrete units, 

each encompass ii^g progressively more complex aspects of the electronic 

assembler's iob. The titles of -these units are: 1) Mechanical' 

Assembly; 2)' Wire Preparation ? 3) Aj^sembly Soldering ; 4) * Wire 

' Installation ; 5) Wire'Harhess Building and Installation ; 6) Componen^^^ 

Insti^lj.ation ; and 7) Electyonlc Assembly Rework Techniques , In the 

process of completing these units, the trainee acquires the knowledge 

and performance skills necessary, for assemblying electronic chassis 

» * » » ^ 

and printed circuit boards, and learns to work independently from in- 

dustrial assembly ^rav/ings and wiring diagrams. 



The traineg receives individual instruction at a workbench equipped 
with electronic assembly tools, parts, and materials, and a 35mm film- 
strip proje^jtor and screen for individual viewing. 

Instruction is presented in. the form of coordinated programmed 
textbook and filmstrip materials. The trainee learns at his own 
pace, respondljig to instruction by efltering written answers into 
his textbook, and by performing electronic assembly tasks at the* 
workbench. 

The system does not eliminate the need for a classroom teacher. 
Guided by a proglp^kmmed manual, the teacher periodically monitors 
and evaluates the traineejs work, administers, achievement tests 
upon completion of each of the seven instructional units, and 
refers the trainee to remedial instruction ,as necessary. * 

The concept for the^ system derived from a World War II audiovisual 
training program, successful production-aid applications of learner- 
centered audiovisual instruction in industry, and ^research in pro- 
grammed learning effectiveness for the deaf and mentally retarded. 

Project development was proposed in 1966 and began in 1967. By 
the end of 1969, a prototype version of the entire system had been 
completed and had undergone tryout at the Oregon School for the 
Deaf, S'alem, and the 'Calif ornia Schools^dfor the Deaf, Berkeley and 
•Riverside. / ' | 

After, revisio/ of instructional materials based on tryout results, 
• • • 

a classjoom v^^s-ion was produced for demonstration and evaluation 
in schools for the deaf and rehabilitation settings. During the 
fall semester 1970, this version^ was introduced into the curri- 
culum at the California Schools for the Deaf, Berkeley and River- 
side; American Scliool for the Deaf, West Hartford, Connecticut; 
and the Salem^ Rehabilitation Centers Oregon. Eight workbenches 
were Installed at American School for the Deaf; six at the Calif- 
ornia* School for the Deaf, Berkeley; and five .^ach at the Calif- 
ornia School for -t!He Deaf, Riverside, and* the Salem Rehabilitation^ 
Facility. ^ 



At the Salem Rehabilitation Facility, the system is being de^fionstra 
ted and evaluated for use with other bandicapped populations? in 
addition to the deaf. 

Experience in administering instruction to approximately 85 . 
trainees indicates that the system is both instructionally 
effective and economical: a workbench^ can be installed, complete 
with electronic assembly gear and filmstrip projector and screen 
for $1,000 or less. The cost of expendables for each trainee can 
be less than $35. 

Deaf trainees of normal, intelligence, but with reading grade 
levels as 'low as 3.5, have successfully completed the course of ^ 
.instruction and met the specified performance objective^. Average 
time for completing instruction is approximately 100 hours, with 
individual completion times ranging from 50 hours oT less to 200 
hours or more*/^ r^ . 

Length of individual instructional periods appears to be an im- 
portant variable in instructional effectiveness. Both the speed 
and quality of the trainees' work has tended to incre^ase with 
longer instructional periods. No problems exist in holding the 
trainee^/ ^ interest and keeping them at their workbenche^during 
the longer periods. X 

\ 

The system appears to be both flexible and adaptive to/indi>jVidual 
learning ^styles. One consistent characteristic of .adminis^^ration 
in multiple-workbench classrooms has been the spo)>taneous (em^er- 
gence of peer-tutor relationships between trainees. ^ 

Because programmed learning materials bear the burden of communi- 
cation and instruction, the classroom instructor need not be an 
experienced teacher of the deaf. In tacf, experience to date 
indicates that the best instructor is an experienced electronic 
assembler 5 assembly supervisor, or electronic icH-hnician. A com- 
' petenrt instructor can supervise the .work of 10 trainees, each at 
an individual workbench. ' • 



'The system, is ^qiearly applicable to , other populations than the 
,deaf. Th^ -self-pacing fa-ature rfakes it highly attrractive for 

mixed groups With individual learning differences. Because it 

does not re(j[h±re a-high level of reading skill, and because of 
*its self^-mp'trfvating aspects,. the system may well serve a broad 

range of handicapped and retarded learners in botii school and 

rehabilitation "settings. » 
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DESCRIPTION OP THE TRAININS SYSTEM . 

' ' ' 7 ^ ' ■ 

- A* Objective of -tixe .Training System v ^ >> 

^ - ' ^ ' . ' ' ' ■ .'^ •• • / y . 

The^objective of the Electrohic Assembly Self-Instructional train- , 

ing System for the Deaf to provide the trainee 'with speMflQ 
\ • / "* - , ■ ' - '■ ■•'*"•.■• ■ 

V sicills which %ill 'lpermit him to compete succassfujl% *£or an anliry- 

V , lev^l job as an electronic ags^iribler' in Industry* ^ 

^, * . . ■'■ ' ' - ; ■ - • / \ . . "- 

The curriculum ^jneompasses sm^n skill areas, each one represent- 
. ing a progressively mo^e compl^ex aspect of electronic; assai!|bly • 

,f • * 1,-., Mechanical ■ Assembly., ; . ' ■ 

2 ■ . , ..1-2., Wire-Pr'eparatipn- ' ^ -.V '^^ ' ^ / ' 

~ * ■ 3* iVssmbly ■'Soldering ■ " . ,^ / " . * . 

\ < K*—- , .... 

. 4*^..Wire Installation \ . . ■ V 

■■'.^ , .^^...--^'5; Wire Harness Building ' • , 

6/ Component- Installation 

• 7* Electronic 'AssOTbly'. Rework Teehniquaa ■ ' ' 

The trainee le'arns' to read ^nd independently wo^N^^f^^m "^industrial 

aB^5i|mbly drawings and wiri^ag instructions and acqait^ i tlu^ ski I In . 

^ • " - ^ •- . . . V..,,. ■ 

^n'eees^sary for, making electronic assemblies* In the p^rocc^ss mi 

comp-l^ting the' course of Instruction,' the trainee. ac)^.nally^pu6:s'-' 

.together a mecJianieal assemb^jy., assembles an eleefr^nie terfeisial- 

board chassis » builds and installs a wire harness, and installs , 

components on a printed circnDt "board* ' ^ ' 

iSo theory .fe taught*. The skills and procedures learsired are only, 
those typically required on the job, as defined by detailed task 
analyses in industrial settings* ThuB» whf li?^ the trainee?, learns-- 
to operate voltage regulator^^ far use witlj soldering irons and 
. ^ • thejjnal wire strippers v ^^^^^ words **volt" ami "voltage'* are never , 

' 'Th>:^-' training system wais designed to provide* teminal vocational 

" ' instruction for both- boys and girls during ^^he senior year In 

high* schools far the deaf* The aysii^m ^cr:^ d^i^i^^i for liwners 

^ of normal intelligence and a rciidlhg leve.I no Jdw^er than the 3«3 

* '■■ • • ■ ■ ' 

^ / grade level, 

FRir 



Instructioxml Conc «1)t 



Exhibit 1 shows the baa/c taodel of tutor lei rinst ruction vhlch t. 
wa» the pQint of daparturisr' la designing the ^training aystein- 
Ab d^jplcted in this model, the* learner receives an incretnent^f 
instruction; he responds tothe lw«tuctlon» the response Is eval- 
uate^;* th^ learner receives 'Immediate feedback as to the quality 
of the response; and selection and presentarton of the next in- 
crement of Instruction is made dn the basis of the preceding 
evaluation. • . 



To the extent thit the lesson presentation, evaluation^ and feed- 
back unctions can be autoMteil, li possible to achjLeve - 
^automated, prograaaied instruction. Completely sel -Instructional 



proffraiwned learning is achieve4».when jthes^ function ire , automated 
to the extent that a learner may t^rdependently meet an learning 

With- 



objectives wlthout-orequiring the presence of an Instrao^r 
In this context » the cooq>aexlty oi compretely "aMtomated 
. med learning might rangeJLmn simj^lil^ext programs to hlg^y 
' complicated computer -basecl -audiovisual systems. V 
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Exhibit I, ConcejTtual Model: Tutorial Instruction. 



Exhiblc 2 shows the adaptatio9 of the basic tutorial model which 
was actually uaad. Iri this model, the classroom Instructor is 
not eUmiaaX^d^from the system^ but rather is programmed into; it ^ 

As depicted, instruction revolves around a program of self-in- 
stiuction through which the trainee proceeds* individually and at 
his own pacf • The 4:rainee responds to instrucstpn through pro- 
grammea learning exercises- Self-testJi permit the «;rainee to 
•evaluate his owti work, ^acquire itmedlace feedback, and select 
subsequent f increments ot instruction. * ' ^ 

The role of the teicher is to monitor the tra£mee*s work and the 
trainee*s evaluation of that wprk» to reinforce* learning by con- 
firmation of achievement^ and to provide>upplem«|fttary and remedial 
instruction as required. The teache^r's invo^v^oent is programmed 
just as the trainec*s activities ar^ programmed. 

In this model, the burden of instruction is: borne by the indivi- . 
dualize* programmed learning. The teacher's role essentially is 
that of quality assurance. It is patterned after the jpbjof the 
quality assurance inspector in an industrial setting. The teacher* 
primary functl-on is to assure that the standard of perforn^nce set 
by the program is achieved and. maintained* ^iri^ to be sure the 
learner i6 aware of ind e^rrects any d<(iiciencies in his work. 
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Exhibit l2. Coneef^tuai Hodelt EU'ctronic Assembly Self-Instructional 
Training System for the Deaf. 
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Hetrliod of Instruction ' 

Ea4h of the seven skill areas covered by the curricu3d!im is repre- 
sented by a discrete unit of. instruction. The titles of these 
un|t,s ar^: * ^ . '4 



V 



1/ Mechanical Assembly 

2«. Wire Preparation . . 

3* A3\sembly Soldering ' ' 
4. Wire Installation' 

5* Wire Harness Building and Installation 

6. Component Installation 

7. Rework Mechniques 

Instpuctionarl inS^rials for e^ch unit consist of the following: 

I,. A programmed textbook jand coordinated cole^r filmstrips. - 

2. Coordinated a^sembljf drawings and w^J:ing instructions - 

3. A final examination* ^ * . 

' 4» A teacher 8 manual • ' " ' . . 

The trainee receives individualized instruction at a workbench 
completely equipped with all requiredi electrof^ic assembly "tools^, 
parts, and" materials.^ The workbench also incorporates a 35mm 
fllmstrip projector and a fable-top screen for individual vie^^ing. 
Except "for the projector and screen;- the workbench and its .fum- 
ishings are representative of those found -in mos*t industrytal 
settings, 

Tho trainee learns at his^ own pace. He controls the films tt^ip 
presentation and responds to step-by-step text and filmstrip in- 
stiPuction ^y entering written answers jlnto the programmed textbook 
or by performing electronic assembly tasks* Learning exercises 
approximarte on-the-job activities as closely as possible. 

Normally, the teacher interacts with the^ trainee only when he is 
called for. . The programmed textbook periodically instructs the 
trainee to ask the teacher to check his work. In addition, the 
trainee may call' on the t^ather whenever he feels he needs^help* 



The teacher checks evaluatb^ tl^e trainee^ work with. tFDe aid . 
of^data in tine teacher^ s manual If remedial instructioa isf re- 
quired, the teacher may refer the t-rainee t5 ^propr late . programmed ' 
learning mater^l or may provi^^ 3ttpple^entF^^^^ person* 
The teacher ^Iso administers the itKB^iji 



The examination is designed to a^aut^ ;titst the'tr^iue^-' -has .achit^ved ^ 
hll primary learning objectives and t;o rev^aj;;tin^ fea^W^^^ d|/i-r 
ciencies which mUTst be corrected • bfeijdr^ th 
next unit. ^ fU^"- 7 •• ^* 

Exhibit 3 shows different types ofjjwpr!^^^hch' * 
ments. At American School for the DWaf% "Ss^s t Har^ 

eight workbenches are installed againslt! appOstfe-Wa class--' 

■ ■'(' '''' ' ' ■' ■ *" 

• room. At California S^hool/^'or the! Deaf BerIcela;S',,,;$l;R Work^^^ 

^are installed back-fco-back. | ^ ^ r " ' / \ 

In Exhibit '4, the top picture shw^^^ .ele^^ron4c '^s^emM^^ " 
workbench, one of t||pse {^ich the trainee act^yally^Buiids ' " i.-,^.^,^ 

during fhe course of^dnstruction. The .tr^g^ee/§ .programmed tpxt-' iv'^ 

• ■ « ^ \ ' " . - > .* 

book is on the i^ight. 'An assembly drawing is on th<> JLef±:. ;_-The.. i' . 

» ■ ' * ■ „ . V ^' - -'^ „ . . 

numbered and lett^ret^ bins in b'oth the top and bat: tarn- ptct ares 

contain electronic assembly hardware. The numbers axid betters cor-"" 

respond to dataAp the pr'ogrammed textbooks and assembly ^tr^wiftgs,. . 

torn picture in Exhibit 4 *shows a slide- projectXir, 'riithi^r 
than a filmstrip projector, because 'California School for th6 Qcaf , /. 
Riverside, is equipped for slides rather than filmstrips, T^^e^ ■ , / 



'types of workbenches an^d workbench accessories shown in Exhibits 
3^ and 4*may differ, but the basic arrangement of each workbench 
is the same . ^ * 



/ 

i 



One of the design objectives of the . training system was'thAt al) . 
electronic assembly and firlmstrip projection hardware sh#ul^ bt^ ' 
on-the-shelf 'and readily available from retail dealers. ^ This .'i>bi-' 
1 jective was met. No special equipment of ' any kind was'l^^cated lor 
the system. Different types of workbenches and workbench accee-.^orjes 
may be used, as long as they meet functional specif icationn. ' 



Electronic Assembly Classrooms . 'Ta'p: Ameri'can School for the 
Deaf, West Hartford, Connecticut. Bottom: California School 
for the Deaf, Berkeley. • • • . " 



Exhibit 4.' Electronic Asa-ambly Wdrkberiches * Toj)*/' American School for the 
J • Deaf, West ^artford, Connecticut Bottom: Cal;Lforni^ Sthool 
for the Deaf , -Riverside.- - . * ' • . 
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Exhibit ^shows a sample page from one' of the prograraraed textbooks. 
Every frame (step) of instruction in the textbook is accompanied 
hy # numbered frame on the fil^strip. The f ilms'trip frames 
accompanying the s^ple page- are reproduced in Exhibit 6. * 

In the aeque^ce^of 'irtgtruetion shown in Exhibits 5 and 6, Frame 
44 provides the trainee with textbook insttuctign only. After * 
writing his response to thfe question in Frame 44, the student 
will proceed td^ films trip 'Fr^e 44-Answer for the corfeqt ans^erV. 
to the question.' 'Throughout all seven instructional programs 
(units), all question frames are in^he f^rm of fllmstrip and/or' 
text. All answer frames are" ^ilms trip only. * i 

Frame 45 is an information frame consisting of both films trip and 
text I 'Note that both Frames 44 and 45 refer the trainee to some- ; 
thii^ he already has learned." The trainee is asked to transfer 
that knowledge (i.e.^ component leads are wrapped ancHstre§s ^ i 
relief i|s made the same as in wire installation). ^No terminology 
-ks taugh!^' throughout tlie sequence bkcause all terrainalogy already v 
has been* learned. / 

FrWe 46 requires a performance respons'e, "Bin'7'2" in Step 1 ^ 
;^ fers^ to one of the numb e;red^^b ins •sho\5^n i^ Exhibit 4. ^ 

Frame 47 is a criterion frame; which permits the; trainee to evaluate 
' his own work. Prior to reaching this point in the instructional 
program, except for stress relief, the trainee already has learned 
all of tfhe other criteria in Frame 47;, ' ' 

Frame '47 also calls for a teacher's check. Exhibit 7 shows the 
teieher'^ checklist for Frame' 47. The teacher's manual contains 
a similar checklist JEor every "TBacher ' s. Check" f rame ,in alj, 
seven progranis* * »' , 
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44. You will* wrap comporrent leads to terminals the sam^'as you wrapped wire.. 
How will you wrap component leads? 

_ A. Wrap both leads at the same' time. /. ^• 



B. Wrap one lead at a time. 



4A-ANSWE 




.45. When you install a comppnent/you must make a stness relief 1n the- 
leads, the same as you madt in bare wi-^. > 

The pictjjre shows a stress relief. 



46. Read each step> and then do it : ^ . - • 

\ . 1); Get a component frqfm Bin 72. Center the component between 
two termin^ils. ./ * - c 

2) Begin the wrap by twisting, the lead arbuhd one terminal. 

* . ■ ■ ■ * ' 

3) Finish the wrap. , * . . ; 
. Wrap' one lead 'to a tertiiinal 'now . . / . 

> ^ — ' ■ '••1 * ■ — ^-r-f ' 



:j 47 . Inspect your wrap : / " 

^ fS' the component centered? ^ 



B. Is the color code on ^the left? * ^ 

C. Is fhere a good stress^rel ief? _______ 

p. Is the wrap tight? ,r ^. 

4 ' > 

After you make a correct wrap, ask your teacher to check your work .. 

* I ■ 

, , Teacher's Cheok:^ , . 



Exhibit 5. Programmed Textbook (Excerpt)': Component Installation . 



Instructor's Check List : 

* 

C0MP\3NENT INSTALLATION 

El ectronic\ Assembly Program No- 6 

> ) - 


. Frame , 


* ^ ■ 1 

Activity 

\ 


Check List 


47 


Connecting Components 
To Turret Terminals 

Stress Relief 


-1) Component centered. 

2) Color code on left. 

3) 'Leads wrapped to bott^^m 
of terminals* - 

.4) Leads wrapped in same direction. 

5) Full wraps tight wraps. 

Sl) No kinks or nicks in leads. ■ / 

-'7) . FRA^SlE 48: Good stres§ relief. / 

/ 8) FRAME 62: All leads trimmed./ 

/ Component body f}4t 
/ . . against board. / 
• y / 
{ . Gbod'50° bends' in 

leads. 

_^ , , ■ — ■ — *- 


' 62 

t 


Connectinq Components 
To Turret Terminals 

Component Body Flat 
Aqainst Terminal Board 

• 


« 


» 

i 

• 


r 
\ 

\ 

\ 


• 

1 — ^ 


■ Exhibit 7. Teacher's ChecklfL 
. ' 1 


St (Excerpt): Competent Installation. 
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Exhibit 8 shows another sample page from one of the programmed 
fcextbooks* 

In this sequence. Frame 85 calls for a performance response based 
on' both te^t and filmstrip content* 

Frame 86 provides text instruction only, but requires a -written 
response based on ^ata which the trainee must seek and find in an 
assembly drawing* ^hibit 9 showS the data iti excerpts from the 
assembly drawing. 

Frame 87 provides both text and filmstrip instruction, but once 
again the trainee must refer co the assembly drawing to' correctly 
execute the j/erformance response; Frame 86 has assured that the 
trainee knows how to inteiTpret the assembly drawing (Step 20 ) » 

Frame 88 provides text instruction .only , with a performance 
response again based on data in the assembly drawing. Exhibit 10 
shows the teacher's checklist for Frame 88* 

In addition to providing the criteria for evaluating the trainee's 
work, the teacher's checklists also serve as references for pre-'' 
scribing remedial instruction. The "Activity" lists itt the . 
teacher's checklists conform to the outline of learning objectives 

(see page 30j, Learning Objectives ) for all seven instructional 
programs. If a trainee's performance is in any way deficient, a 
quick scanning of the "Activity" list for appropriate "instructional 
content will immediately reveal what learning exercises are re- 
quired to correct the deficiency. 

# 

All programmed learning content throughout the entire sequence of 
seven programs is linear. No brancfiing Instruction is provided. 
Repetition of self-instructi^tHl^^cercises, with whatever personal, 
help might be needed from the teacher, is the basic strategy for 
remediation* ' . 

In addition to the teacher's checks/ another diagnostic instrument 
is the final examination which follows completion of each of' the 
seven instructional programs. Each examination is designed to con- 
firm that the trainee has achieved specif led learning objectives. 



85. 


* 

Your multi -conductor cable has insulating material between the inner 




conductors. This material looks like rop^s. " 




Cut off the material between th§ Inner conductors. ' TH picture 




shows how. — 




Cut off the material now. 


86. ^Step 20 In tfie Assembly Drawing shows how long to cut the inner 




conductors . 

« *■ 




How! long does Step 20 show to cut the inner conductors? 




! A. The red wire (R) must be Inches long. 




B. The black wire {BK) must be •<• inches long. ' 




C. The qreen wire (GN) must be ^ Inches long. •. 




D. The white wire (Wl) must be inches long. 


" ' ' ' ~ ■ —~~ I--™ 

. - 86-ANSWER 


87. 


Cut the inner conductors for Step 20. '^ ^ 


r 


The picture shows how to measure each conductor. 




Measure and cut the Inner conductors now. ^ • 

«. '■ • ' 


88. 


Do Step 21 in the Assembly Drawing now. 




After you finish* ask your teacher to check your work. 




* ■ 

teacher's Check: 



• Exhibit 8. Programmed fexAook (£xcerp»); Wiife installation , » 



ASSEMBLY INSTRUCT IONS 



V 


STEP 
NO. 


■ •■ • ■ S . • ' 

w . i^STRUCTiONS 




1 


•AWG * 20BARE WIRE A-1/A-I0(NS) ^• 




2 


AWG ' 20PARE WIRE A-2/A-U(NS) ^ 






SOLDER -10ANDA-? ^ 






AWt^ IREA-' 'A-6f 




1/ 


• 20 .<<E J 

tNia G^. 




18 


•8' AWG * 20 INSULATED WfRE A.27 G-3(S) DO NOT 
• CONNEa G-3 


— 


19 


DRESS WIRES A.25. A.26, A-27 FlAT TO CHASSIS- 
INSTALL CLAMPS F AND H fBjN 46) 

, r _ 


% 


20 


PREPARE END i^j OF CABLE J COT JO OF MULTl- 

^ CONDUCTOR'CABLE. STRIP END 'A- 2-3'4-. CUT INNER ' 

CONDUCTORS TO LENGTH R. 1-1/2 -. BK. 2 . GN, 2 3/4,. 

V/H. 2" 




21 


PREPARE END i'g') OF CABLE J STRiP END B 3 ' CUT INNER 
CONDUCTOR'^S to LENGTH R. t> dK.'2 I '^7". Gn; 7". . 
-H. 1 p-2' ^ - 



*Exhtbit 9. Assembly Drawing (Excerpt): Wire Installation^ 



WIRE INSTALLATION Instructor's Cheg^ List \ Page 4 


• - 


Frame 


Activity 


Check List . 


88 


Preparing . y 
Multi-Conductbr Cable 

♦ 

Assembly Steps. 20 and 21 _ 


1) Cable 10 inches -long. 

2) Outer insulation stripped; 

End A — 2-3/4"; £ml B — 3". 


K 


%^ * 

4) Protective materials neatly 

removed. > . \ 

"... ■ 1 

5) Inner conductors cut to length: 
End A — R-l-.l/2\ BK-2% i ' 

* 6N.2'-3/4^\ WH.2" 4 

6N.2\ WH-l-iy2" / ■ ! 


■ 90 


Installlnq 

Mul ti-Conduc br Cable 
Assa4ly Stefft 22 and . 23 


1) , Correct end of cable ifistalled. i 

2) Wires xpnnected to correct ; 
terminals. i 

» y ■ ■ ^ i 

3) Tertninali wrapfped from correct | 
direction. ' I 


Cabl^ J r Eod A: GN/A-^16{NS) 


i BK/A^17(NSJ 


\ WH/A~a (S) 
"Inst^^Clamp K 


4) 180^ wraps. • . 1 

5) Good service loops. | 

6) Good insulation clearance. | 

7) No damage to insulation. 

8) - Good solder joints — A-8.« A-9. 

9) Clean tonnections. 

■ — — ^ ' — ' ^ 



Exhibit 10* Tea<?het*a Checklisc (Excerpt): Wire Installation . 



and to rei^al any deficiencies wtiich must be corrected* before the 
trainee goM on to, the next unit of instruction. Examination 
questions are presented in the form of text materials only* No 
f ilffiBtrip materials are used in any of the examinations*' 

Exhibit 11 shows the er.tire final examination for ^ Mechanical \ . ^ 
Assembly y the introductory progr^ of the series* K primary 
objective of this examination is to assure \hat the trainee has 
Adequate reading and comprehension skills for oontinuing with .the 
programs which fi^low* Thusi six of the eight questions require 
a written resplS^se. These questions emphasize the corr^t identi- 
fication of tools> fasteners, ^nd parts, as well as the ability 
to describe their use. Three questions require the student to 
demonstrate tool-handling and assembly skills he has learned. To 
xromplete the final question, the student must make the assembly 
shown in the assembljf drawing. 

Throughout all Steven programs, a consistent procedure is used for 
instructing tensttiniplogy aqdJbomencla&^Afre* A new tool, part, 
fastener, or piece of equip^^ient is introduced only at the point . 
that the trainee is required to use It.'* The 'item is identlflVd 
by namV in bo th^ the programmed textbook and fllmstrip, and the 
trainee sees a picture of it on the fllmstrip frame. The trainee 
is instructed to get the item immediately, and he has it in his 
hand& while he learns its name, the names of ^its parts, what it is 
used for, how It operates, etc. The trainee is tadght to use the 



item in assembly procedures as rapidly as possibl^. 

The learning of nomenclature and terminology is achieved prlmacily 
through written responses, and is reinforced through use of the 
language in technical instructions. This is true for all seven - 
Instructlon&l programs* ,As Indicated by the final examination 
for the Mechanical Assembly program {Exhibit 11), final examina-r 
tions for the first two programs , emphasise language learning re- 
quirements by callirt^ for a large number of written responses. 



'mechanical ASSErtBlY % 



Electronic Assembly Progdm Ko. 1 



1. Write the name of the fSstensr in each bin: 
A. Bin 1 \ ' • > . 



B. Bin ^_ 
Biff 4 _ 

y. Bin 5 _ 

E. Bin 6 _ 

F. Bin 9 _ 

G. Bin 10 

H. Bin 2? 



1^ 

2. When you install a cable through a hole in a metal chassis, you must 
keep the cable from being. cut by the sharp edge of the hole. 

What part* can you install' to keep the cable from being cut? 

_~ ~ 7- — - ; 

3. Write the name of the tool you must use to fasten the screws in each 
bin: - ^' \ 

A. m/ 4 . i — 

B. Bin 5 : , 

Exhibit 11. Pinal Exlaminatiou: ' Mechanical Assembly * 

■ V 

, ' • f ■ * 

*-23- >♦ • . ■ 
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Hhdt-ts .the setting on each torque wrench? 



-SO V 
-50 



2 ^0, 18 



\ * 



in/ lbs . 









-130 


110- 






«90 






0- 1 


B 16 



Why pust you use a torque wrench on some connectio'ns? 



Read each step, then do it : 

1) -Get the torque driver from your fecool tray. 

2) Set the scale at 14 in/lbs.- 

. 3) Lock the torque driver. ^ 
After yov finish, ask your teacher to check your work . 

Make the" assembly shown in Assembly D-rawing 2-A. 
Before you begin, ask your teacher to watch you work . 



Exhibit 11. (Continued) 
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Beginning with the final examination for the third program in the* 
series, emphasis shifts to the p'erformance of assembly skills* 
rather than wr^tb^n ?fesponses . If th^. trainee tan follow the 
^ technical .instructions and do the work called for in perfonriarice 
of asrsetably tasks* there is no linger any questito as to his 
achievemenjt in** learning, nomenclature and terminology, ]^ 

Exhibit 12 shows the final *examination for Component Inst^allation , 
the next«"to-the-last of the seven programs , in the series. The 
entire examination is on a single page.' No written responses, ^rf* 
called for* In order , to complete this examination, tlie trainee 
must 1), assemble a terminal/board chassis, .and 2) and 3), demon- 
strate two different tBchny(ue^ for installing components in a 
printed circuit board. -The ass drawing and assembly instruc- 

tions at the top of the examination page are the only reference 
materials available to the trainee for making the turret terminal 
assembly. 

The teacher ^s manual contains checklists for each final examina- 
'tion which are similar to the ttiiacklists for the programmed text- 
book/filmstri^ activities. Exhibi^ 13 shows one page of t]\^ 
teacher's checklist for the Component Ins tallation examination* 
This is the cjre&klist for Step No, 1 of Question 1. 

In additiqn to the checklists \fo.r bqtb th^ programmed te^tboofc/ 
filmstrip activities and the fit^al examinAions, the teacher's 
man' alao contains . special assembly drawirlgs which the teacher 
may use for /preparing work san^Jles, togetherWith in^^pntories 
for stocking and replenishin/ electronic suppj^ies at the work- 
benches. 



\ 

\ 
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COMPONENT INSTALLAjTION . 



^Ji^l Electronic Assembly Proiaram No. 6 
^ — ^— 



027 G126 



O O O 
O O O 

.1 3 5 



R)27 R128 . )2 

o o o 

R125 

6^ o o o 



n 



13 



Do all. of the Steps in the Assembly Instructions! 



ASSEMBLY INSTRUCTIONS 



V 



STEP 
NO. 



1 



NO. 



74 



INSTRUCTIONS 



17?., WATT 22fi RESISTOR l/ClXi^iSl 



75 



.01 MFD lodv TUBULAR CAPACITOR 3/CT26 (NS) 



72 



1/2 WATT 150,000fi RESISTOR 5/C126 (S) 



72 



J/2 WAfT r§0,00af2 RESISTOR 9'/R128 (NS> USE THIS . 
lltND OF STRESS RELIEF ; 



75 



.01 100.V TUBULAR CAPACITOR 1T/13/R125'' (NS) 



7K 




20 UF 30V ELECTROLYTIC CAPACITOR .(+)7/(-)RJ-27 (NS) 



7 ■ bj .OIP LKV DISC CAPACITOR 1/0127 (S) 



n 1t in airy 



Get a l/2-watt.22mn resistor from Bin 74. Install it in a?iV two 
holes on your printed circuit board- ' €1incii the leads . Solder the 
connection. . ^ 

Get a 1/2-watt 22mn resistor frorti Bin 74, Install it in any, two 
h^les on your printed circuit board. Do not clinch the 1eads > 
Solcler the connection. _ 



Exhibit 12* Final Examinationr Component Installation ^ 
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. FINAL EXAMINATION 

i / 

COMPONENT INSTALLATION instructor's Check List 

■' . j ; " ■ 

, " Item 1 (continued) 

Step 3 ^ 

]. Resistor .connecting 5/C126 (NS). 




^2; .Leadls straightened- and cleaned. 
_ 3- Terminals cleaned. 

4. Leads connected to, bottom of terminals 



5. Lead at terminal 5 wrapped in same direction as connections 
^,1 and 3. , 

6. Lead at C126 wrapped in opposite d.irection from first lead. 

7. Le"ad at CI 26 not wrapped around lead of capacitor.' 

>a . • 

^ 8. Component centered. ' ' - 

^ 9. Color code at top. 

^ 10. Good stress relief. 

J]]. Wraps tight and trimmed, 

12. Good solder connections. 

^13. No damage to leads or terminals. 

14. Cleaned connections. " , 



Exhibit 13. Examination Checklist (Excerpt): CompQnent Installation , 
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Learning Objectives 

1.- Mechanical Assembly 



I 



In the introductory program of the series, the trainee learns 
to make assemblies with mechanical fasteners — nuts, screws- 

X 

bolts, etc. The trainee learns the names and correct uses of 
a dozen different tools anH *a dozen different mechanical 
fasteners and parts'* He learns to. read anid work from mechani- 
cal assembly drawings. 

One of the dravfings used in the program is shown' in Exhibit 
15* In the process of completing the program, the trainee" . 
puts together the assembly deplete^ in the drawing. The 
assembly is shown in pxhibit 14, 




Exhibit 14. Mechanical Assembly, 



ERIC 
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Specific learnipg objectives for the Mechanical Assuambly 
program include:^ » 

a. How to interpret and work from mechanical 
' assembly drawings, 

1 b. How to imp^ f lat-blcidtf» Phillips, and Allen 
screwdrivers* 

c« How to use offset screwdrivers. 

d*. How to use bpx, ^open-end, crescent, and socket 
wrenches* 

e» How to use a ratchet wrench* 

f* How to use a torque wrench* « 

. g. How to use a torque screwdriver*^ 

The final 'examination for this program is shown in Exhibit '11 
The teacher* 8 checklist, for J:he examination Is shown In 
Exhibirl;^ 16* 

wire Preparation ' \ 

In this program, the trainee is introduced \to the tools and 
procedures for preparing both bare and Insulated wire for 
assembly work* The tirainee learns the names and correct uses 
•of basic wlre-prefiaratlon tools and equipment* He learns the 
nomenclature for different types of wires and wraps, how to 
strip insulated- wire, 4nd hc^ to form and trim wraps. 

the trainee learns the proper operation of a Ihermai wire 

stripper the flrat piece of electrical equipment to which 

he is introduced. Instruction in the use of the thermal wire 
stripper stresses the performance of proper safety procedures 
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student: ^ 

Instructor's Check List 

- ' HECHil^ICAL ASSEMBLY 

Electronic Assetrtbly Program No. 1 



Item 1 

A. BOLT 
B". NtJt 

C. PHILLIPS SCREW 
0. ALLEN SCREW 

E. ^SLOTTED) SCREW 

F. FLAT HASHER . 

G. LOCK WASHER 

H. CLAHP • 

Item 2 

GROH>€T 

$ 

Item 3 

A. PHILLIPS SCREWDRIVER Or TOftQUE DRIVER 
♦ 

8. ALLEN WRENCH- 



Exhibit 16. Examination Checklist: Mechanical Aasembly . 



MECHANICAL ASSEHBLY 



rqstructor's Check List 




A. SCREWDRIVER 

B. PHILLIPS SCRgHDRIVER 

C. OFFSET SCREWDRIVER 

D. BOX WRENCH 

£. OPEH-EHD WRENCH . 

F. RATCHET WRENCH 

G. TORQUE WRENCH 

H. TORQUE DRIVER 
U CRESCENT WRENCH 



A. 30 In/lbs. 

B. 68 in/lbs. 



•Item 4 



Item 5- 



Item 6 



TO MAKE A CONNECTION EXACTLY AS TIGHT AS IT IS SUPPOSED TO B£, 



Item 7 



1. Torque driver set at 14 >n/1bs 

2, Torque driver locked- 



Exhibti; 16. (Continued) 

•1^ 
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MECHANICAL ASSEMBLE InstructorU Check Ust Page 3 



Item 8 

NOTE TO INSTRUCTOR: IN ORDER TO SCORE THIS ITEM, THE HjSTRUCTOR MUST 
■ WATCH. M STUDENT mu iil toftKS , ::~ 

Step 1 * 
1. Positions chassis according to drawing. 

2. Begins with Assembly Step 1 gets binding post from Bin I's. 

3. Removes fasteners before dttempt^og insjital latlon. 

* 4. Correctly locates tinding post and fasteners on chassis. 

5. Sets torque wrench at 14 in/lbs. 

6. Locks torque wrench. _ - 

, 7. Uses soldering to hold binding po?t while tightening 

fasteners* and uses torque wrench correctly to tighten fasteners. 

Step 2 

I. Begins Step 2 gets grommet from Bin 20. 

2. Inserts grommet in correct location. " • 

Step > 3 

1. Begins SS;ep 3 '—- gets switch from Bin 16. 

2. Removes fasteners u^fore attempting installation. 

^ 3. Correctly locates switch and fasteners, 

4. Selects appropriate wrench^ and uses wrench ccrroctly - 

for tightening fasteners. 



Exhibit 16- (Continued) 
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MECHANICAL ASSEMBLY Instructor's Check List P^jfJ. 

Item 8 (continued) 
Step 4 , • ' f 

1. Begins Step 4, — - gets fuse holder from Bin 17. 



2- Removes fasteners before attempting installation. 

3, Correctly locates fuse holder and fasteners. 

4. Selects appropriate wrench, and uses wrench correctly 
for tightening fasteners. . . ' 



Step 5 



1. Begins-Step 5 — gets terminal strip from Bin 19, and correct 
fasteners.: Phillips screws, flat washers, lock washers, hex nuts 

2. Correctly locates terminal strip and fasteners on cftas^is. 

3. Selects apprbpriate wrench for holding nuts* and correct-size 
Phillips screwdriv^. i * - 

4. Uses tools correctly for tightening fdstener^;<V 



Step 6 

]/ Begins Step 6 gets volume control ftum Bin 18, 

J, 2. Removes knob and fasteners. 

' 3. Correctly jocates volume control and fasteners. 

Selects appropriate tools and uses tools correctly for 

tightening fasteners and set-screw in knob. 



Exhibit 16, (Continued) 



Specific learning objectives include: 

a. How to idenclfy different types of wire wraps. 

b* How to fana bare wlte wraps with pliers. . 

c. • How to form bare wire wraps with a soldering aid. 

d« How ^o strip insulated wire wit!i a mecrhanical wiVe 
strl^jpet* * ^ I ' 

e. How to prepare a thermal wira stripjper for use. 

f. How CO strip insulated wire with a thermal win 
stripper j 

♦ 

g. How to trim .raps, ^ 

How to interpret wire gauge numbers. 

An e>tcerpt from ^he final examination for the wire prepara- 
tion progr^ is shown in Exhibit 17, 

3, Assembly Soldering . r 

The trainee learns eight different types of aolder connec- 
tions for connecting insulated wire to three different types 
of terminals. The criteria far soldering techniques are 
/'based on NAS^A speoif ications* ^ Again, safety procedures are 
stressed in ^he instruction of electrical operations* 

Specific learning objectives include: 

a. How to identify different types of soldering irons. 

b. How to prepare soldering irons for use* 

c. How to prepare and adjust the power supply for 
use with a soldering iron, 

d. How to tin a soldering iron. > 



National Aeronautics and Space Administration: Requirements for Soldering 
Electrical Connect ions Document No. NHB 5300. A (3A); Soldering El€>rtr ic.i! 
Connections , Document No. NASA SP 5002; and Quality Requirements for Hand 
Soldering of Electrical Connections , Document .No* NPC 2D0-4. 
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FINAL EXAMINATION 



\ 



WIRE PREPARATION 



Electronic Assembly Program No. 2 



*1. Write the name of each tool: 





B 



5n 



Exhibit 17. Fipal Examiaation (Excerpt) ; Wire Pceparatiou - 
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2. Finish the drawings: 
« 



360'° Wrap 




. i 



270° Wrap 



180° Wrap 




3r* Which wrap is trimmed correctly?_ 



A 



B 



90° ^Wrap 



Exhibit 4.7. (Continued) 
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• * * 






4. 


1 

A bi 9 wi re. has: a cfaUqe ' number. - • , 


V 






BIG or- SMALL , ■ ' ^ 




- • 




A small wire has a * qauqe number" 

BIG or SMALL ^ . 




'r 


.5.- 


f^^ad each step, then do it: . ^/ ' 








In Cut two pieces of AWG 20' bare- wire. Make eac^ wire 2 -^nt^ies long. 




r . . .. ' « 

• 


6. 


2) Make one small 180'' wrap. • . 

3) Make one bj^ fQO'' wrap. • - . ' ' • . 
. 4) trim the wraps. ^ w ^ V 

Read •each step, 'then do it: 








1) Cut a piece of AWG 20 bare wire. Make the wire 4 inches long. ^ 








2) Get a bolt from Bin 1*^ ^ ^' 
zy Make a 270^ 'wrap to fit the bolt. 






7. 


Read each step, then do it: 








^ 1 

1) Cut four pieces of AWG 20 stranded insulated wire. Make each 








wire 6 inches long. • * 








2) Use the mechanical wire stripper to strip 1 inch of insulation 








'from each wire. . • 




- 


8. 


Read each step/; then do it: ^ ^ * ■. 






* 


- 1) Cut fouc, pieces of AWG 22 stranded .insulated wire. Make each 
wi re 4 inches long. ^ 

2) Use the thermal wire stripper to strip 1/2 inch of insulation 

from each wi re . ^ " . ^ 

K . ^ 

' . / ■ ■ 

4 . Exhibit 17. (Continued) " 
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' e. How to tin insulated, stranded wire. 

£• How to make single and dbuble solder connections to 
turret terminals. 

^g.^ H6w to make single and double solder connections to 
hook terminals. 

h. ' How to make single and double side-entry solder 

connections to bifurcated terminals. 

i. How to make top- and^^^ttom-entry solder connections 
to bifurcated terminals #• 

Oae instttructi^nal technique used in this program requires the 
trainee to complete a drawing of each soldering procedure 
before he actually attt*mpts the •procedure. Exhibits 18 and 
19 show textbook* and* filmstrip frames which are typical of 
those used to implement this technique. 

*Textbook Frame 158, .in Exhibit 18, requires the trainee to 
complete the drawing without, reference to any filmstrip 
picture. Prior to Frame 158, however, tHe trainee has had 
the opportunity of comp^Leting an identical drawing by copying 
actual photographs ot the soldering procedure depicted. » 
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1 58 • • Make a drawing of the soldering Iron and the solder : 



M) PMt thre tip of 4he soldering 
iron on the base of the tehn 
^ terminal . Do ngt touch the 
wire or the tehninal posts . 

Touch a small amount of solder 
where the . ircyi touches the 
base* 




2) 'Touch the solder to the base \ * 



on the side opposite the iron. 
Do not move the Iron , 




3) Touch the solder to the base 
' on- the other .side of ^e 



wi re. 



Do not move the iron. 




4) Touch the solder to the end^ 
of the wire. • ' 

Slowly movg the solder over 
the end of the wire to the hole, 
and fill the hole with solder > 

. . Quickly remove the solder and 
, the iron at the»same time. 





Exhibit 18. Programmed Textbook QBxcerpt^ Aasembly Soldering . 



/ ■ 



Exhibit 19 shows filmstrip Frame l-SS-Answer - — the drawing 
as it must be correctly completed. . . 



158 ANSWER 















® 




Exhibit 19, 



Filmstrip Answer Frame; Assembly Soldering . 



» ■ * 
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a. 

} 

Wire Installation 

In this program, the trainee learns to Install wires on a 
• terminal board. . In so doing, he learns to read and work from 
assembly drawings representative of those commonly 'used in 
industry. Exhibit 20 shows the set of drawings used for this 
program and the Wire Harness Building and Compouenf Installa- 
tion programs which follow. As the trainee works through 
these progrOTiSj'he builds an electronic assembly chassis^on a 
termiual board, ^ 




Exhibit 20. Assembly Drawings: Programs 4-through-7. 




4. 



21. Trainee. California School for the Deaf, Riverside* 

Exhibit 21 shows a trainee working on the chassis in the 
Wire Installation^ program t . • 1 

Specific learning objectives for the Wire Installation 
program include: 

X. a. How to interpret and work from electronic assembly 

drawings* 

b* How to solder wire to perforated terminals* 
•■^ c. How to dress wires » 

d. How to prepare:- and install multi-conductor cable* 

e. How to crimp terminal lu|s, insulated splices, 
wire joints, and connector contacts* 

F.chibit 22 shows th^ final examination for this program* 



Electronic Assembly Program. No. 4 



mm 



1 ' 2 

o o 

7 , 8 

o o 



3 4 

o p 

9 10 

O' O 



5, 

o 

11 

o 



6 

9 

12 

o 



13 

o 



1. 


Do all of the Steps in the Assembly Instructions: 


ASSEMBLY INSTRUCTIONS 


V 


NO. 


INSTRUCTIONS 




1 


i\WG J?20 BARE WIRE (USE IN6ULATI0N) 1(NS)/7(S) 




2 


AWS i«20 BARE WIRE 8/.9/10 (NS) 

- — — . f- — — . ^ — 




3 


A-' ^20 INSULATED WIRE 1/11 "(S) - , ' 




4 


AWG #20 INSUUTED WIRE 2(S)/12{NS) 




5 


CUT 6" MULTI-CONDUCTOR CABLE:. STRIP ONE END J- 1/2" 

CUT INNER CONDUCTORS TO LENGTH: G 2-1/2", BK 2«', WH 2% R 1-1/2" 

. ■■ ., — . ■ ^- — ^- ' — ^ 




6 


INSTALL MULTI-CONDUCTOR CABLE: GN/5(S) BK/6{S) , WH/12(S), R/13(S). 




7 


AWG #20 BARE WIRE A-l/A-2 (S) 


2. 


Get 
AWG 


a terminal lug from Bin 51. Crimp the terminal lug to a piece of 
1 #20 insulated wire. 



3. Get a splice from Bin 52. Crimp together two pieces of AWG #20 
insulated wire. 



4. - Get a wire joint from Bin 53. Crimp two pieces of AWG ^20 insulated 

wire in the wire' joint. 

5. Get a connector contact from Bin 66. -Crimp the connector contact to a 
piece of AWG #20 insulated wire. 

Exhibit 22» Final EatomiDatioia: Wire Inatallation^ 



5# Wire Harness Bulldlaa artd lastallatlon 

The trainee learas to read and work fron a type of wiriog 
diagram which is most commouly used in industry for building 
and lacing wire harnesses. Exhibit 23 shows this wiring 
diagram/ together with the wire harness which the trainee 

builds as he works through the* instructional program*^ The 
diagram serves as a £ull«-scale matri:s (harness board) for 
routing and spot-- tying the wires the harness. • 

Specific learning objectives for the Harness Ihitldlng program 
include: i . * 

a* How to interpret and work from a harness board 
wiring diagram, . • 

b. How to install wires on a harness board. 

c. How to locate, maket and^stake spot ties. 




Exhibit 23. Harness Board; Wire Harness Building a nd Installation. 
( 



d. 


Haw 


to 


inatall wire marker**. 


e. 




CO 


<>older C9nnect<5r coniactn to. wiren. 


t. 


How 


to 


solder connector contacts to connectors 


8- 


How. 


;o 


install and remove renyovable contacts. 


h. 


How 


to 


install wires in solder-cup connectors* 


I. 


How 


to 


install a harness on a terminal board chciB<^i<>« 



To complete the Harness Building prograjcj^ the trainee in- 
stalls the harness he has built on the terminal board chatit*i4 
he began building in the Wire Installation program. Kxhil/it 
24 shows what the chassis looks liki^^at the end^ot the 
Harness Building program. 

Exhibit 25 shows trainees building their harnease*;. 




Exhibit 24. Electronic As^sembly at Completion of Harne>;^ 



Bui Idln^ Vtr)p\xjr^. 
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E^thiblt 25. Trainees. California School for tht- Deif, Rivorslde. 




b. Componen t Lns t a 1 1 a t i on 

In this program* the trainee learns to work from component 
installation drawings to install transistors, resistors, 
capkci tors, etc. ^ on both termiittri board chassi s and pritrted 
cirtuit boards. ExhibltH 5, 6, 7, 12, and 13 show sample 
textbook and filmstrip frames, together with a pag» from 
theVeacher's checklist, the final examination, and a page 
frorouhe examination checklist^. 

Exhibit 26 shows a trainee working on the Component 
Instalilation program* 

Specif i\c learning objectives for the program include: 

How to Interpret and work ''from component installa- 
tion dravlngfe. 

H<>w to position reHistors and other components. 

m 

How to Holder coDfiuiieni s to turret* perforated, and 
T-termmals. 




Exhibit 26. Trainee. California School for the Deaf, Riverside. 
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* Bjcm to toake multiple component cotmectioas» includ*- 
ing stacking* 

tp-*install components on printed circuit boards. 
7. Electronic Assepa>ly Rework teetolques 

Electronic aasembly rework primarily involves repairing con-- 
nections and raaoving and replacing-- terminals , wires, and ^ 
ccwaponents i-^ich have been impropeifly installed or damaged* 
or^which must be -changed because of design modifications 
originating after assembly has begun* 

Specific learning objectives include: 

a. How to remove solder from a connection using a 
solder draw 6t a solder-removing syringe* 

b* How to rewolrk (repair) solder connections* 

c. How to remove and replace wires between terminals t 

d. How to remove and replace wires in a wire harness. 

e. How to remove turret and bifurcated terminals from 
a termiftal board v 

f. How to install turret and bifurcated terminals* 

g# How to rework multiple connections* 

h. How to remove and replace components on a terminal 
chassis* 

i» How to raiiove and replace components on a printed 
i circuit board. 

Exhibit 27 shows the final examination for this program. It 
is different from all of the others, in that the teacher 
must watch the tjL«tiaee work throughout the entire examina- 
tion. Host of the questions require the trainee to do 
removal and replaceoaent work ^ich'will leave the electronic 
chassis looking exactly the same as it did before rework 
began. 
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REWORK TECHNIQUES " ' . 

Electronic Assembly Program No. 7 

i ' ■ _ 

* " • ! 

«... I 

NOTE TO STUDENT; YOUR TEACHER WILL MATCH YOU WORK DURING THE EXAMINATION' . 

I >■ Ml.. — W ■ ■ ■ I ' - ■ . -.1^ ■ . — ■ M.I .'. I ■ - » III-- ■ ■ ■ I. ■ ^.m — 

*• » . . ; * 

' ' ■ ■ ' , , ■ ' I ; ^ ■ 

1. Put your chassis in the vise. Remove component A~3/A-13. Remove the solder 

from A-3 and A-13 with a solder draw. Get a replacement component from J^lYi 

72. Install the replacement component to terminals A-3 and A-13, ^ 

Z'. Remove Wire A-24/D-5 from the chassis. Remove the solder -with a solder- ■ 
removing, syringe. Install a replacement wife between terminals A-i4 and 
D-5. Make the replacement wire the same as the wire you removed. ; ^ • 

3, Choose any iWire Jji. the harness. Connect a replacement wire to the wire in 

the harness. Pull the wire ou/i of the harness, and install the repUcement 
wire. 

4. Choose any wire in the harness. Cut and tie both ends of the wire. Install 
a repl^acement wire aldfigside the harness. , . ; . 

5, Remove a bifurcated terminal from a terminal board. • 

6. Get a bifurcated terminal from Bin 79. Swage the terminal to any hole in 
the terminal board, • , 

i 

7* Put your printed. circuit board in the vise. Choose any component with un- 
clinched \eads'. Remove the component* ■ 

8. Choos,e any component on the circuit board with cl inched leads. Remove the 
component. Re-install the component you removed in the sAm terminal holes, 

^ ■ .... 



Exhibit 27. Final Examination: Electronic Assembly Rework Techniqtyg > 



.E. Adminis trative Characteristics 

'■ ^ ^"""^ ■ * ■ i 

1. Length of the Currlculiua \ < 

The programmed textbooks contain approximately 1,250 fratnes 

of instruction, as do the jiccompanying filmi^trips. ; Th^is 
/ - ' ^ ! i ■ 

^ * includes Answer frames. There are only sev^n progiiammed ^ 

textbooks, vdt 18 films trips. Because ^ach jprograni averages 
' ' j * j i 

approximately 180 frames, filmstrip content lhas be^h split 

into two or three filmstrips per program fi^-ofder t:o makje 

the filmstrips easier to handle. ' ' , 

Experience with tryout populations indicates! that 4 nieanj 
time of approximately 100 hours is required jto comjjilete jthe 
entire dourse of instruction, including fin41 -examinations . 
Because .^dch trainee proceeds at his own pade, however, \ 
indflvidual comgJ.etion times'^may vary widely^ A fa$t tratj.nee 
may complete icistruction in 50 hours or Tes^. A slow indi- 
vidual may require 200 hours or more. | 

' * Exhibit 28 shows a summary' of achievement d^ta for: a grohp 

* ; J 

• of seven high school students jsrho were in a tryout pqpul^- 

t tion for the last four programs in the series. Th^ studfents 

ate listed in order of the quality of the electronic assembly 

workmanship which they produced. The best workmanship , is 

ranked No. 1. The -next two best students ptoduqed work of 

equal quality, so they are both ranked No. 2. 

The data indicated thkt the studenti who produced the best 
workmanship also tended to work the fastest and haye the 
highest final examination scores. However, ithe da^a do not 
show one important variable "the length q)f individual 
periods of instruction. The two top-ranked students, Lall:e 
I Y. and Mark S., worked daily three-hour class peri(|)ds. The 

remainder of the group had only a 90-minute ; class {)eriod each 
day. 
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Depending on the length of t^ie individual periods of ins true- 

» 

tion, the curriculum may be programmed for a full year of 
administration in a high school schedule, for one semester, 
or for less time under special circumstances. The longer the 



daily period of ^instjruction, the faster the pace 'teKtds to be. 

An important administrative consideration is what to do with 
the l^rainee who finishes early. A number of choices exist. 
' The fast learner might serve as an assistfant to the teacher, 
"'^rejj^nishing hardware stock at the workbenches , building work 
samples, and tutoring th^slower learner. The fast -learnet 



a\so might be given assembly projects to reinforce what he has 
learned with further work experience, ilmprove his skills, and 
assure his ability to transfer what he has learned to work 
situations which are not identical to his learning experiences. 

,Ideal projects for the trainee who finishes early may be found 
ajnong commercially available electronic assembly kits. Exhibit 
29 shows- one sueh trainee assembling a capacitor tester. The 



\ . 




Exhibit 2S . Trainee. California School for the Deaf, Rlversitie, 
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ki.t for\thls project .contained a chasslsT-^p^rts, and assembly 
drawings which were quite different from thos^ used in the 
•instructional program. Nonetheless, the traihee was able to 
^ij^iO^tja. Jth^'^SJS^mh^^ 5 rob lemsj^^at^^ 



capacitor tester waTs subsequently put to practical \ise as 
workshop e^quipmenti * 

Trainee Entry Requirements * ' ' * 

The trainingf system was designed for the instruction of both 
boys and girls of normal intelliger^ce . . Good visual acuity 
and digital dexterity. ^r6 required. A reading grade level 
of at least 3.5 is necessary. 

Any appropriate vocational ap^titude test might be used for 
selecting trainees who are giost likely to succeed in the 
course. The Mechanical Assembly program, which is the first 
instructional program in the series of seven, ,also may be used 
as a screening device. If a trainee is not capable of com- 
pleting the course, it will become very 'apparent within the 
first four or fiv^ hours of ^instruction. .. .. 

Ideally, the entering trainee should be motivated to qualify 
for the job of electronic assembler, or at leapt interested 
in f4.nding out what the job is all about. The system ^s 
self-motivating only in the sense that it will tend to main- ,^ 
tain and strengthen whatever interest and motivation a trainee 
begins with. If an individual is not interested in electronic 
assembly work, there is. little reason for him to be subjected 
to the instruction. 

A high thr^hold for frustration also is desirable. Tryout 
expedience indicates, however, that a trainee's behavior in . 
this training system may be quite different ftom his behavior 
in other types of instructional situations. 



' A 'trainee with a low attention span in the conventional class- • 
room may spend hours on end absorbed in programmed self-instruc- 

'*^tion at the electronic assembly workbench. The trainee' shown 

*Ln E:?<hibit 30 had a s chool-wide- reputat ion s ^s a difficult 

Student and a troub-lemaker . In conventional classrooms, her 
attention span was 15 or 20 minutes. She then would not only 
completely lose ilnterest, but also would begin distracting 

- other students with interraiptive behavior. 

At the electron-ic assembly workbench, however, this student 
consistently worked full 90-minute periods with rapt attention, 
-and refused to be^stracted even by events (such as the 
arrival of visitors) which tended to interrupt the attention 
and the work of other trainees. She appears as Geraldine 

tTie third highest-ranking achiever .on the data 

sheet sho™ in Exhibit 28/ 




Exhibit 30. Trainee. California School for the Deaf, Riverside. 
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Tryout experience indicates that succfess in the training 
system results from a combination ot factors. The most 
important of these is probably the motivation that the 
^trainee 6rtart6'"\^tlr; TiTe overall top-ranicTng t;raiiiee oh tlie 

data sheet in Exhibit 2i8 was a low achiever in almost all 

! 

other schoolwork;, aad wks characteri^zed by his instructors as 
a time-waster. It.may be noted that his I.Q. score of 91 is 
only fotir points! higher than that of tfie lowest-ranking 
trainee, who also had the lowest I.Q. score. 

Teacher Requiremiet*ts ^ 

Although the teaicher's attention may be required no more than , 
about 10 per cenjt of an individjial trainee '§ time, it is 
"fessential that t^e teacher be' immediately available whenever 
a trainee needs him. For this reason, the constant presence 
of thp teacher in the classroom is required, and it is not 
feasible for a teacher to administer the system while conduct- 
ing other classroom activities with other students^ 

An experienced teacher should be able to effectively super- 
vise the work of 10 trainees, each at his own workbench, A 
highly experienced teacher might be al^le to handle a group of 
12 or more, particularly during the second half of the ^series * 
of seven programs, although he probably would require 'the 
assistance of a teaching aid during the first two or three 
programs when demands upon the teacher are heavier. 

For the initial administration of the system, a class size of 
no more than six is recommended. The teacher will be kept 
quite busy. 

The most important qualification for the teacher is a know- 
ledge of electronic assembly techniques and standards. The 
/best qualified teacler is arf individual with experience as an 
electronic assembletj or as an assembly supervisor or inspector 
in industry. 

66 

-58- 



Because tbe ^programmed textbook/films trip materials beat the 
.burden of instruction, prior teaching experience is not 

essential. And bfecause of the high communication content of 
-fehe--prog'rairaned-textboofc--«nii-^ 



^experience in communicating with the deaf is not a require-, 
ment. • 

It is possible that a teacher with no previous experience in 

electronic assembly might acc^uire the requisite skills by 

successfully working through the Electronl-c Assembly Self-- 

Instructional Training System before administering it. In 

♦ 

order for this to happen, however, a fully-qualified instructor 
would be required to administer the system to the prospective 
teacher. 

Cost of Ins true tibn 

The direct cost of administering the Electronic Assembly Self- 
Instructional System consists of the teacher^s salary, the 
capital investment in electronic assembly hardware and film- 
strip projection equipment,, and the i;ecurring -costs of 
expendable materials. 

•A single workbench can be installed, compl(Bte*with electronic 
assembly geair, filmstrip projector, and screen, for> $1,000 or * 
less, depending on the exact types of workbench and projection 
equipment selected. Multiple installations will cost less 
because of volume discounts. • 

c 

Of $1,000 spent for a workbench installation, approximately 
$350 is required for the workbench itself, workbench acces-- 
sories, i.e., bins, racks, trays, spool, holders, etc., and a 
work chair. A complete set of electronic assembly tools and 
equipment for a workbench costs approximately $450. This 
leaves $200 for the filmstrip projector and screen. 
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Any conveational 35imn film^trip projector may be used for the 

■ ■ t- ' ■ . ' . 

system, although a machine with^ forward md reverse remote 

• ■ * * * • 

control Is recommended. Any cdnventioaal rear-projection 
— . t;&bl6-t6p vlfij^iiig fl^iteen mty be uaisd, — aowev^r, a lAifge ^ 

V screen is desirableri The projector must be. equipped with a 
wide-angle lens (3-1/2 inch or shorter focal length) i^ order 
^ S to minimize the distance from the projector to the screen. 

The cost of exp^dable electronic assembly parts axxd materials 
may range from $12 to $25 per. trainee, dz,>endli^ on how much 
of the trainee *s work samples are salvaged and reused. In 
additloni planning budgets ^ould include a coat of $10 per 
trainee for thie replacement/ of projector bulbs/ Represents- 
tive bulb life is about 50 ^iours, and bulbs typically cost 
about $5»00 each. 

Instructional films ttlps aj^ the teacher's checklists are 
reusable, but the p^rogrammad textbooks, f inalV,examlnation 
materials, and moat of the other text materials are not. 

Instructional filmstrip and text materials are distriJjujtg^ 
through the Media ServiceA^^and Captio^d Films Branch, Bureau 
of Education for the Handicapped, U.S. Office of Educat4.on. 
Cost of these materials must be obtained from the Media 



Services and Captioned Films Branch. 



c 
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iV. DSVEL(^MEIIT OP THE llAIHIHG SYSTEM 

A» Aiittfcedeuts o£ the Project ^ t:- 

. .^ JHarJEra^^ blvieicm of Visual Alda for War trainltuai 

The^conpfioiuai prototype Qf the Electrotdc Asaeiaably Self- 

Ins true tlofial Traixiittg System for 'the Deaf dates- from World 

War II. At that time, to help cope with the training demands 

of wartime production,^ the United States Office of Education- 1 

established a Division of Visual Aids for War Training. Bfn 

tween January 1941 and June 1945, the War Traihlng Pfbgraa of - 

the Division W Visual Aids for War Training produced 4$? 

film-based- iHatructional units for skill training in 15 dif- 

2 

ferent afkill areas. 



The 


title and the number of 


instructional 


area series were as follows: 


N^l^er 




Series Title 


oSWnic 


1. 


Machine Shop Work 


nf25 


2. 


Aircraft Work 


77 


3. 


Shipbuilding Skills* 


40 


A. 


Precision Wood Machining 


41 


5. 


Engineering . 


23 


6. 


Electrical Work 


28 


7. 


Problems in Supervision 


22 


8. 


Nursing 


14 


9. 


Foundry Practice 


14 


10. 


Refrigeration Service 


15 


U. 


Farm Work 


18 


12. 


Welding Procedures ^ 




1'3. 


Plastics 




14. 


Optical Craftsmanship 


6 


15. 


Automotive Operation 






and Maintenance 


19 






Total 457 



units in each skill 



Crocker, Floyde Z* Training Films for Industry: Pinal tUtport on the War 
Training Program of the Division of Visual Aids for War Tratoing ^ Bulletin 
No» 13, Washington, D.C.: Federal Security Agency, U.S. Office t)f Bduca- 
tion» 1946. 103 p. 



bBMic itm in each id^tructioctal unit vas a I6hi sound 
flK>trioo pietura. But tha approach to tha production of thaaa 
HlmB rapraaantad a ujor depjurtura froii tha convantional 
training of tha ara: 43Z of tha fllaa vara aecoapaaiad 

by a coordlnatad 35mm filaatrip and an Inatnictor^a junual in 
a visu^ aida packa^^a daalgnad aa a totally Integrated in- 
•tnictfional aystasi. The content of thaaa aateriala 'naa 
bahaviorally orlantadt in that their use was intended to rc^ 
suit in tha acquisition c^f specific Job ski 11a rather than 
twraly teach "about" the jobs infolved. The only exception 
to this object!^ was in the series dealing yrit)\ supervision. • 
Here, major aatphaala waa on da^loping correct attitudes to-* 



ward probleaui of supervision, rather than inatructing specific 
skills in solving thct^e probiesw. 

The scope of each visual aids unit was 1 Halted tp a single job. 
operaclon. Typically the fflotion picture ?*hov<*d the step-by- 
step procedures required for the perfortaance of that operation. 
The filaatript incorporating, excerpts Cro« the motira pic(ure, 
not only provided step-by-step review 6f motion picture con- ^ 
tentt but also Incorpoaated quest ion- and**answer and other 
types of learner participation f^smes. The Isanual guided the * 
instructor in the)|^e of tha motion pitture ai^ fllmstrlp* 
and provided additional instructional data* 

Motion picture content uss kept aa compact as possible* Static 
atubject mattai; whicfT could be handled just as well better 
In a filmatrip was either glvea shor.t exposure or entirely 
eliminated in the motion pictures* Thus, because. of ifheir 
limited ojsjectlves, and becauae they were deslped to be seen 
several times if necessary ^r full mastery ot their content, 
these motion pictures were in a very real sense the conceptual 
and developmental predeceaaors of today *s single-concept loop 
films. 



til 



The filiistrlps averaged 40 ttwmn in length. Host of the 
ttMmB were ideatical is cootent to ecenee In the accompany- 
lag ttotiou picture* Captiooa on each of these frames con-^ 
slated of a abort stateSMrot or que^stioti dssigaed both to 
provide a review of tiotloa picture content and co serve as a 
stiaulua for group discussion of key^i^ching points* Other 
filnstrlp fraMS shoired chartSt diagraas, test questions and 
answers, etc. 

The inatructorU manual supplied a detailed plan for the most 
effective use of^ each motion picture and fliiistrip combination. 
It contained an ourllne oi the motion picture* together with 
the numbers of the filmatrlp frames relating to specific steps 
in the motion picture outline* tltlllxatloi^ data Included aug^ 
gested techniques for overall presentation of the content of 
each visual aide unlt« folloiih-up activities for maximising 
the effectiveness ot/tilm presentations, and a list of related 
motion pictures and fllmstrlps* 

The content of the Instructor's manual represented a signl^ 
f leant departure from existing practices in that it was limited 
to the content of the motion picture and filmatrlp which it 
accoflq>anledv primary function of the manual waa to or* 
gahli«ie motion picture^ fllmstrlpt and teacher actlvitlea 
into an instructional unit* and to present the teacher with a 
strategy for most effectively using the unit as Intended — - 
as a coordinated whole. 

Although the visual aids units were designed for group Instruc 
tioot a great many learner-centered techniques were incorpora- 
ted into the film materials to Induce the greatest possible 

* 

degree of trainee involvement «^ For example^ f irst-^person 
camera angles were used in motion pictures to show the per-^ 
formance of a task from the viewpoint of the individual doing 
the work. First-person > 8tream-of**conaciousness commentary 
and other 'intimate types of narration were used as the~ sound 
tracks for a nusmber of lllma^ 



?articipatioa frames in the filmstrlpa often were highly 
iauigiaative* For example, the outlines of an autonobile 
engine ttight be depicted in vrtiite lines on a black background. 
This fraae could be projected onto a blackboardt where the 
outline would show up very satisfactorily, and a trainee would 
be asked to chalk in the wiring systen of the autoaobile 
engine « 

2. Learner-Centered AudiovisiStal Instruction in Industry 

The War Training Progriai of the Division of Visual Aids for 
War Training wa.6 a landmark in the moyement toward the con- 
cept of aiKiiovisual instructional systems for vocational 
training* In many ways, it was ahead of Us time. Hore 
than ten years were to pass before the scope and significance 
of its achievement were matched by the introduction of audio- 
visual joachine instruction on manufacturing assembly lines in 

3 

' aa industrial approach to improving production efficlency» 

In this application, as depicted in Exhibit 31, coordinated 
slide/tape presentations were designed to provide a worker 
with step-by-step instructions which led to the completion 
bf the assembl^y work. Each workbench waa equipped with its 
own slide-projection and audiotape playback machine. The 
worker received audio instructions through a light-weight 
; headset. The pace of presentation might either be pre- 
; programmed or controlled by the worker. 



Persselin, Leo E. An Approach to System Design in Audiovisual InsfructiO|n . 

;Ph.D. dissertation. University Mlcrofilnw Order I6S-5878, University 6f 
Southern Califomlltv 1967. 609 p. See "Audiovisual Instruction*! Systei^s 
in Indiistry," 238-283, for an Extensive discussion of the Hughes and 

.other industrial and vocational instructional syatem^pplicatiobs; also 
"A Training System for Industry,** pp 481-504, for a mm4*^laborate deacrip- 
tioQ and evaluation of the War Training Program of the Dlnrfsion of Visual 
Aids for War Train:^ng discussed in/ the foregoing pages. 
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The first comi^aQy to fomally implement this system was Hughes 
Aircraft Company^ Culver City» California. Initially^f begin- 
ning in 1951^ the company used -colored slides only, with no 
audio accompaniment. The slides illustrated each step an 
>; ■ assembler had to perform- in long, involved series of assembly 
operations • The application was imni^diately successful. Pre- 
vioui^ly required instruction time dropped, production output 
rose, an^ the number of rejects due to faulty work plummeted. 

During the next few years, as the audio component was added, 
Hughes engineers began designing their own audiovisual hard- 

m 

ware, and by the end of 1957 the company had produced its 
first completely self-contained coordinated slide and tape 
presentation device* This machine automatically changed 
slides in response to either aij electronic pulse recorded on 
the audio tape or the operator's pushing a buttom*' 

By mid- 1960, almost 800 of the Hughes devices were in use on 

assembly lines in the company *s manufacturing plants in El 

Segundo and Fullerton, California, and Tucson, Arizona. 

(Exhibit 32) Through me of the syst^, electronic assembly 

workers consistently were able to achieve from 90 to 100 per 

, cent of work standards. Without the audiovisual aid, the most 

experienced assemblers were able to achieve only 60 per cent 

of the work standard, with less experienced operators falling 

far below this figure* Defect rates were slashed as much as 

It 

99 per cent, and rework was virtually eliminated. 

Other companies also began using the approach pioneered by 
Hughes. By 1960, comparable slide/tape presentation devices 
had been built and were being used by Northrop Aircraft Cor-* 
poratlon, Hawthorne, California; North American Aviation, Inc., 
Anaheim, California; Collins Radio, Inc., Cedar Rapids, Iowa; 
Bendix Corporation, North Hollywood, California, and Teterboro, 
New Jersey; the Boeing Company, Seattle, Washington; Hagnavox, 



'•Rbbot Instructors Win Friends and Speed Assembly," Factory , November 1960. 




^ ^ > Inc,^ Fort Wayne,' Indiana; Ampex Corporation, Redwood City, 

California; and Lear, Inc*, Grand Rapids, Michigan. In 1961, ^1 
Hughes aad a nximber of other companies began to market their 
audiovisual machines and program development services com-- 
. merclally. Within a year, th^system was being used hy dozens 
of companies throughout the country, 

• * • 

Effetitiveness of the system was typified by the experience of 

Republic Aviation Corporation, Farmingdale, Long Island, New 

^ ' York* At Republioj, audiovisual instruction, on the assembly 

line boosted productivity,' cut training; time,^nd slashed * 

assembly costs by mUre than 40 per cent* In the <:ompany's 

mmufacturing engineering section, missiles-guidance subassembly 

lujdules which previously had taken 15 to 18 hours to complete 

5 

Were cut to nine hours of assembly tipie* 

^ ^ It must be clearly understood that tl|e industrial applications 

noted above were those of a . performance aid rather than a 
learning aid. The Blide/tape presentation was, in effect, an 
audiovisual' blueprint* The worker already needed to kn^w the 
basic assembly skills required for following that blueprint. 
.The objective of the instructional program was imprpved pro- 
duction, not learning* The system proved most effective where, 
learning on the part of a worker n^t only was ulmecessary , but 
might even be undesirable and detrimental to further production* 
At a time when the appearance of "teaching machines** wa^ creat-- 
ing considerablyie^ stir in the educational community, the in- 
dustrial slide/tape per|prmance aid was proving to be the 
perfect "non-* teaching machine*" 



5 „ 



"Color-Sound Slides Speed Assanbly," American Machinist/Meralworking 
Manufacturing , April 30, 1962, pp lOakXIaT 

^ Persselin, Leo E* "Auto-Instructional Technology and Data Processing," 
Data Processing for Management , VI, No* 4, ^ril 1964, pp 9--12, 
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Inevitiably, however, industrial users of the - audiovj.sual per- 
formance *aid began to experiment with learniig app.lj.cations. 
It was apparent that some of the inherent adyant^e^ ^f slide/ 
tape presentation for assembly line producti,<j)n might: pay off 
just as well in learning , situations • As a r^siult, by mid- 1963 
learning aid pVograins were being used by many of th^ companies 
which had experimented, successfully with perjEormanc^ aid appli- 
cations. None of these early programs, howeVer, in(j:orporated 
the basic features of . learner response, immediate feedback, 
etc., which typify programmed learning. ^ ' 

The early industrial slide/ 1 aye learning aid; progTatns- were 

essentially equivalent to t:he sound-f ilmstrijp presetitations of 

, *^ i _ "I 

the period, except that they were designed for individual 

t ^ . u • 

viewing and pacing by the viewer through use of one | of the 

machines, designed for assemblj^ line use. 'Ptpgram cpntent was 

typi«<*I*2-^ti the form of a straightforward piresentajtion. No 

text material accompanied/fffie slides and tapl&s, no tiuestion- 

and- answer content was included, and th^Wiesver was| required 

to do nothing but watch/ passively during program presentation.* 

For the most part, the programs were intendejd as supplementary, 

non-essential materia^ls for introduction or [review. Typically^^ 

their running time ^as short. ^ 

^ ■ " / ^ ^ ; "\ J ■ 

Many of the early /learning aid programs dealt with basic ^lec^ 
' tronie' assembly ^kills. Hughes Aircraft Corojpany, fpr example, 
piroduced a seri4s ^of eight learning ai,d progjrams with the 
following titles: Use and Care of Small Tooils , Assembly r 
Soldering, Etcked Card Assembly, Mechanical jAssembla r, 
Component Installation , Wire Installation , Blames s [Building , 
and Rework Techniques. Each program averaged approximately 
40 slides in length. The individual presentation time of each 
program ranged from 15 to 28 minutes, dep^ndjing on the running 
time of the individual tape. Total presentajtion time for all 
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eight programs was* two-and-a-half hours. Since no learn^ 
response was required dui^ng program presentation, it wa^^ 
not essential that the programs be viewed at an electronic 
assembly workbench. 

Despite the limited -learning applications of these early in- 
dustrial programs, the^were in fact the immediate develop- ' ^ 
mental predecessors of the Electronic Assembly Self-Instructional 
Training Systifem for the Deaf. The industrial experience atimu- 

. lated research into the use of the learner-centered audiovisual 
technique both as a learning aid and as a performance aid for 

; the- haiidi capped. - Th« firs^t impact on special education was 
not on education of the deaf , however , but on instruction for 
mental retardates. 

Prograpmied Learning for' Special Education 

Beginning in the early 1960*s, a body of research findings 
began to be estabiished which showed that learner-centered 
audiovisual programs could substantially facilitate both 

learning and retention by the mentally retarded.* It was 

-if' 

demonstrated that the Hughes synchronous slide /tape device, 
providing individual instruction at the learner's ^Own pace, 
could significantly ^improve the learning of job skills by 
retardates.^ Research projects also indicated that so\ind 

- motioif^^ctures and 8mm film loops could significantly coiPi- 

8 9 / ' 

tribute to the learning of job skills. ' / 



7 ~ . ■ 
Neuhaus, E.G. "Programmed Audio-Visual Training f or . the llentally 

Retarded," Trends in Programmed Instruction . Edited by Gabriel D. Ofiesh 
and Wesley C. Meierhenry. Washington, D.C.: National Education Associa- 
tion, 1964. pp 98-100. 

8 ' y''^ 

Goldstein, Edward. Selective Audio-Visual ^Instruction ftTr-^-Hehvtally 
Retarded Pupils . Springfield, 111.: Charles G. Tljfjm^'^ Company, 1964. 96 p. 

9 • 

Bitter, James A., and Bolanovich,* Dani^el J. "Job Training of Retardates 

Using 8mm Film Loops," Audiovisual Xnstruction , XI, No. 9, Novemjjer 1966, 
pp 731-732. 7 
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^Hesearch findings were not limited to job skills. 'A sel^- 
instructional program incorporating the use of an automatic 
slide projector was shown to substantially^ increase the re- 
tention of vocabulary leanied by retardates ."^^ A ten-week 
^program primarily consisting of 440 slides, tape recordings, 
and lesson plans imj^roved the result;s of instruction in 
social adjustment. ^ 

In performance aid applications, itVas demonstrated that in- 
dustrial assembly line techniques of synchronous slide/tape 
presentatipn could be used very effectively in sheltered / . 
workshop situations, both for the mentally retarded and other 
handicapped populations. Exhibit 33 shows newspaper clippings 




Exhibit 33, Newspaper Clipping: '%ook. Listen & Learn, Audio-Visual .Training 
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Vergason, Glenn A. , "l^etention in Educable Retarded Subjects for Two 
Metshods 'of Instruction," American Journal of Mental Deficiency , LXX, 
1966, pp 683-688. ^ ^ 

Edmonson, Barbara, et al. "Teaching Retarded Adolescents to Interpret 
Social Cues." Paper presented at American Association of Mental j 
Deficiency Convention, ^hicago Illinois , 1966. 
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describing one such application at Opportunities Unlimited, 

i 12 
Inc., Long Island, 'New York. 

During this same period of time, research into picture-based, 
learner-centered instructional systems for the deaf was 
focused on language learning and speech teaching. Experi- 
ments with programmed learning were indicating that ^ 

programmed s^lf-instructional approaches could be extremely 

13 

effective for deaf education. Based on these findings^ and 
following a need assessm^jit^in 1963, Captioned Films for- the 
Deaf, U.§,. Office of Education, in 1964 created Project LIFE 
(Lan^uag^e Improvement to Fajcilitate Education of Hearing 
Impaired Children) . 

Project LIFE had as its goal the -development of prograiamed 
language materials to supplement or complement language ' learn- 
ing for hearing impaired children starting at the pre-school 

If 

level. Content was' to be developed around three basic . . ^ 
concepts: the concepts of s^lf, physical environment, and 
social/^elation&hips . Instructional media were to evolve in 
the foriff of coordinated picture books, concept-oriented pic- 
ture dictionaries, workbooks', and programmed film-strips. 
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"Look, .Listen & Learn, Audio-Visual Training," Long Island Commercial 
Review ; Garden City, L.I., N.Y., May 8, 1963. 

Beckmeyer, T. "Application of Programmed Instruction to Remedi^al Reading 
for the Deaf," Volta Review , LXV» 1963, ^pp 415-417; Falconer, G. A. 
"A. Mechanical Device for Teaching Word Recognition to Young Deaf Children, 
Doctoral dissertation. University of Illinois, 1959; Fehr, J. "Program- 
ming Lahguage for Deaf Children," Volta Review , LVIV, 1962, pp l^T^l; 
Karlsen, B. "Teaching Beginning Reading to Hearing Impaired Child^^, 
Using a Visual Method and Teaching Machines,"' University of MinneffD|a, 
U. S. Office of Education Project No. 1204, 1966; etc. 

14' 

/Ongoing Project LIFE activities are sponsored by the Media Services and 
C^fptioned Films Branch, Burea'u of Education for the Handicapped, U. S. 
Office of Education. Project LIFE is administered by the National Asso- 
ciation, 1156 15th Street, li.W. , Washington, D.C. 20036. Project 
Directpr is Dr. Glenn S. Pfau. 
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The use of all of the other Project LIFE materials was based 
on the prograiraned films trips. . These were designed for indi- 
'vidualized self-instruction through the use of a specially 
designed comtrol-and-response console to which a conventional 
films trip projector might be connected. The learner views 
filmstrip content via a table-top rear--projection^screen, and 
responds to instruction by means of multiple-choice push 
buttons. Programming is linear. Feedback is by signal light. 

Exhibit 34,jhows the Project LIFE programmed films trip 
arrangement in a stu3y carrel. The projector is on the left. 
A small rear-prQj^et±t)n screen is on the right. . The control-" " 
and-response console is a developmental model. The model 
currently^ in use is iiipre highly refined in appearance, but 
basic design "aspects and functional characteristics are 
essentially the same. 




Exhibit 35 shows tisib filmstrip frames from one of the more 
advanced programs. !l The symbols opposite the answers cor- 

i . < " * 

respond to symbols ion the console pushbuttons. 

Iti.r^tewing the ^cissibility of a* film-based programmed 
Sg^ming vocational training system for the deaf, a number of 
similarities were njoted in the learning and work behaviors of 
the hard of hearing and the retardate. Both types of learners 
appeared to be' easljly distracted and typically have limited 
att^ention span. Both appealed to need continuous repetition 
anctreinitrcement ^^Dr learning, aaiH**& 'have limited ability to 
transfer 'learning 4»^^m one situation -to^ another^. ^:9-Q^th appeared 
to lack common socilal and work experiences associated with 
maintaining a job; On the (^ther hand, both types of learners 
appeared to respond well to concrete learning experiences 
presented on a/ribnV^arbal level. \* • 

Based on the successful performance aid a^Jpllcations of 

1 • ■ 

learner-centered al)^diovisual instruction in industry the en- 

i 

couraging results ojf indut>t:rial techniques used for vocational 
training of the merjjtally retarded; the positive findings of 
research dealing wijth prograjomed learriing effectiveness for 
the deaf; and che 4jariy pronise of Project LIFE, it seemed 
like the idea of tlj<e Electronic Assembly Self-Instructional 
Training System foirl the Deaf w^g a good one> ' 
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B* Chronology of* Project Developmettt . 

The proposal for development of tlie Electronic Ass^bly Self-- 
Instructional Training SysteiR. for the Deaf was fonaally sub- 
mltted to CSiptioned .Films f^r the Deaf, U*S» Office of 
. Education:^ in September ly66,. The proposed project develop- 
ment had two ob^jectivesy 

1) Pirpt', to create a course of vocational training 
for deaf high school students whiqh would prepare 

those s^tidents for jobs upon graduation • 

/ . ■ *f 

2) second, to haae the training course on a model 
of^anstrucJ^i^^^m which coiild serve for the develoijment 

id improvement of other curriculum, both vocational 
aid academic. 




The ^odel proposed was that depicted in Exhibit 2i. 



Electronic assembly was ,chosen 'for course content only in 
part because of the history discussed in the- foregoing pages. 
Prior to preparation of the proposal, a survey of employment 
opportunities had indicated electronic assembly to be an 
ideal job dfrea for deaf higfi school graduates* 

With growing emphasis by the military services on electronic 

systems, and with a growing consumer market for electronic 

products — television, transistor radios, tape recorders, 

etc* an unending need for skilled assembly workers was 

foreseen* The job of the electronic -assembler appeared to 

be well within the range of the deaf individual. Electronic 

assembly work requires manual and digital dexterity and the 

ability to interpret and ^iarry out graphic instructions, but 
n 

it does not necessarily demand listening or speaking skills* 
Furthermore, jobs In electronic assembly are open to both 
pen and women. 
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Coopanies which had, hired and trained their own deaf .assear* 
biers ^ccmsi*t«ntly reported that 'the deafer hard of hearing 
ifitfividual typically did very well on the job, Ttiea^ com- 
panies inclucled Hughes Aircraft Coii^any» Culver City, 
California; the Boeing Company, Seattle Washington; Tektronix 
Corporation, Beaverton, Oregon; and TRW Systems* Redondo 
Beach, California, 



Finally, not only does electronic asseasfcly work pay well, 
but also an entry level job can be the first step on a career 
ladder. The job of electronic asseabler has senior and 
^ ♦ specialist grades, and on-the-^job and other co»pany-*provlded 

* training can open the door for advanceiaent to jobs such as 
those of quality assurance inspector and electronic techni- 
cian. 

The prpject proposal outlined the followinV^aequ^Tnce of pro-- 
cedures for program development (Exhibit 36)^ 

1) The first phase of the developiaent effort would 
^ consist of -an analysis of the electronic asseobier's 

^ jib to identify .what specific skills, knowledge, and 

attitudes would have to be taught. 



r 



2) The results of the job analysis would serve as the 
J>asis for the constr 
^ leart^ing objectives. 



^asis for the construction of behaviorally defined 

15 
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Mager, Robert F. Preparing InstriiCttonal Objectives , Palo Alto, 
California: Fearon Publishers, 1962, 62 p.; Hager, Robert F,^and Beach, 
Kennth M,, Jr, Developing Vocational Instruction , Palo Alto, California: 
Fearon Publishers, |©67; Mager, Robert P. Developing' Attitude Toward 
Learning , Palo Alto, California: Fearon Publishers, 1968. 
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3) Lesson writing would begin with the organi;ration of 
learning objectives into a course outline^ followed 
by developaent of a lesson plan and the production 
of draft instructional. ttat^rials. Lesson writing 
would take into account the special characteristics 
of the learner population and pertinent considera- 
tions related to school administration in education 
of the deaf,^^ 

4) Developq«ntal tryout would consist of limited but 
intensive testing of draft instructional materials 
with a limite<f sample of the learner population. 
The purpose of tearing at this point is to expose 
basic deficiencies in the curriculum before lesson 
plans are finalised and expensive production work 
is begun. The number of tryout subjects might conn 
sist of no more than a single, well-chosen individual. 
The kind of data obtained is not intended to lend 
itself to statistical aiudilysls, but is for the pur- 
pose ^f showing Hhere revision and/or further refine- 
ment is necessary in lesson writing. 

5) It proposed that prototype film materials be 
pi^duced as 35mm slidefli rather than Mlmstrips, in 
jiWr to provide for maximum flexibility In on-site 
tryout admintstramon and revisions lollowing tryout. 



■I ^.'i fr^ani II iwg— — ^ — ' - . - - 

For a brief but more f;pmprehens^e discussipn of this and other elements 
in the development process, Persselin* Leo E.: /'VocationalVCuidarce Film 
Series: A Review and Anal^ysdfs ^ith Re^^xsmendatlons for Revision," iP^port 
dubmltted to Media Services and Captlpned Ffima^ Bureau ^of Education for 
the Handicapped, U.S. Office of Education. TRW Syste^, Redondo Beach > 
Cail^orala, December 31, 1970> 
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6) On-site tryout would take place lo representative 
schools for the deaf » vlth prototype program content 
administered by school personnel. Revision of the 
prototype materials would follow on-site tryout, with 
the cycle of tryout and revision continuing until 
instruct ionat objectives were satisfactorily met. 

7) Production of the classroom version of the system 
would consist of producing film materials In the 
form of filmsfiript and completing preparation of all 
other material* required for introducing the system 
into a school on an/operational basis. 

6) Classroom demonstration and evaluation of the system 
would follow lntro<|uct ion of the system into a number 
of representative schools. 

Captioned Films for the Deaf accepted the proposal » and it 
was dccidi^d that^e developmental effort should bagici with 
the proiiptype p3s;oductlon of three self-instructional progzama 
only. Completion of the program scries would be determined 
by results of the on-pite tryout of the first three programs. 
The contrast for production of the first threp programs was 
given to Graphic Filflw^ Corporation, Hollywood, California, 

and work on the project began la Hay 1967.^' 

\ - 

The Initial phases of the development effort - — the job 
analysis ai\d specif icat ion of learning objectives — were 
conducted by Donald K. feSbinson an4 J. Norman Swaton^ two 
highly experienced in^triictio^ial programmers with extensive 
experience beth i^, c^echnical training and programs«d learn- 
ing. , * ^ 



The initial proposal wai^ prospered and submitted by th^ Project Director in 
his capacity of Director of Instructional Systems Development^ Videosonic 
Systi^sms Division, Hu^es Aircraft Complhny* F^llerton, California.-^ It was 
intended' that Hughes bS/ tbe contractor!, but the company jdec lined the op- 
portimity because a co;^orate decision had been made to dissolve the 
Videosonic Systems DlVison. 



The Job analysis included visits to both large and small 
electronics manufacturing plants in the Los Angeles area* In 
addition, relevant training materials were reviewed. These 
included HASA specifications arid instructional materials; the 
Hughes slide/tape electronic assembly training series; and a 
self-instructional audiovisual program in soldering skills 
produced by General Prograamed Teaching Corporation » Los 
Altos, California, for use at Jobs Corps Training Centers. 

The job analysis resultedin learning objectives and out- 
lines fQr three introductory proj;rams: Use and Care of Small 
Tools, Mechani cal ^ Assemb ly > and Assembly Soldering * Technical 
consul taj%^ (subject-natter ejqpert) during this and subsequent 
phases of development of the first three programs was Roger 
Taylor, quality assurance engineer. North American Aviation, 
Inc.t Downey, California. 

Program planning and initial lesson writing took place dur- 
ing a six-week production workshop conducted by Mr. Swaton 
and Mr. Robinson, and attended by Henry Zink, electronic 
assembly instructor, California School for the Deaf, River- 
side; Harold ftamger, high school science Instructor, Califor- 
nia School for the Deaf, Berk^Jjsyiand John M. Fessant, 
supervising teacher of vocational education, Oregon School 
for the Deaf, Salem. . i 

All of the teachers of the deaf were familiar with pt^ogrammed 
learning, but none had extensive program writing experience 
prior to the workshop. By the wame token, neither Swaton nor 
Robinson had previous experience in deaf education. During 
the workshop, which took place in Jufyland August 1967, the 
three teachers of the deaf received intensive instruction in 
programed learning techniques, while the two progra|nme» 
learned about the characteristics of the deaf and the hard of 
hearing, and about problems in deaf education and school 
administration. 




At the conclusicm of the six-week workshop, draft versions 
of three instructional programs had been developed, and 
graphic^ art and photography had begun* Final program ^it- 
itig^ graphic art* and photographic production were completed 
by Mr« Swatoa, Mr* Robinsont and Graphic Films personnels 

Duriiag the fall s^nester 1967 » tryout of the programs began 
at the California Schools for the Deaf, Riverside and 
Berkeley, and the Oxfegon School for v^e Dea^, Salem* One 
electronic aasen^ly workbench was set up at each of these 
schools, installed in the classrooms of the teachers who had 
participated in the production ^workshop* These teachers now 
began admlnts taring the prograins for tryout purposes. 

By the spring of 1968, tryout results of the first three 
programs looked good enough so that, a decision was made to 
complete the series « The contract for development of the 
remaining programs was given to TRW System Group, Redondo 
Beach, California* 

Beginning in Harch and continuing through Deceoier 1968, 
draft versions of four instructional prograios were develop^ 
Wire Installation* Wire Hiimeas BuildinR an<| Installation ♦ 
CotBrponent Igstallatton t and Electronic Rework Tech- 

niques % " 

Again, program development began with in-plant job analyses, 
followed by specification of learning objectives and lesson 
writings Under subcontract to TRtI Systems, Mr* Robi^on and 
Mr. Swaton conducted the job analyses, produced the draft 
versions of the in^^tructional programs, and^conducte4 develop- 
mental testing* Mr. Zink served as a consultant in develop- 
mental testing* Pt^ogram content was reviewed and language 
and reading consultation was provided by Dr. Willie Blea, 
coordinator^ of language and readinj^ programs for Los Angeles 
City* Schools* 
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The developmental testing version of the pr<i>grams 
of ,6iack-*axid-white Polaroid prints mounted :|.n a wo 
The Polaroid prints were mounted on the sami^ page 
programmed text frames ultimately intended jo- 
color transparencies which the prints repr^^^^^^* 



<:onsisted 
kbook. 
\(d.th the 
the 



acconpany 



ftom 

'I 

trainee 



The Polaroid-print materials were administeifed to 

trainee a representative high school stijtden^ 

Calif oraia School for the Deafj Riverside* jlhe 
through the entire course of instruction wh^le heijc|ig 
monitored by tfa€ instructional programmers ijuid c 
The trainee was free to question the monltoia at 
and the monitors periodically interrogated ihe 



single 
th« 



went 
closely 
n^ultants. 
aijiy time. 



t raj nee ^ 



In January 1969, after all four programs had underjjone 
developmental testing and final editing^ production of color 
transparencies was begun under the supervision of Kllen H» 

« 

Howarth> senior assembly instructor} 71^ Sy£tems» ; During 
the spring of 1965^ five sets of 35mm alidee; for elch of the 
fowr programs were produced, together with ijiccbmpaitiying pro-- 
grammed. text and instructor's materials. | 

During summer ^i^ool 1969', ttyout of the prototype ; version of 
the four programs was conducted at the California ^chool for 
the Deaf, Riverside^ Four completely eqMpi^ed electronic 
asseariily workbenches were installed « Trainees who already 
had cc^opleted the first three prognams in ttie series worked 
9(>*mlnute periods daily* Those traineeaTjsrtfrting with the 
introductory prog^ram. Use and Care of Small Tools » spent 
three hourl a day at the workbench » The six-^eek tryout 
session was administered by Mr. Zink and flLss Bowarth« 

Badiibit 37 shows members of the project staff monitoring 

% 

tryout activities at Blverside« ♦ 



Exhibit 38 shows a newspaper clipping which describes the 

18 * 

Riverside tryout* ' 

The remainder of 19j&9 was devoped to revision of the fodir 
programs which had undergone, tryout during summer school* 
In addition, tryout data dealing with the first three pro-- 
igrams were acquired and analysis begun* '<-^ 

During development of the last four programs in the series, 
tryout of the first three programs had continued Inot only at 
Riverside, but at the singJj^;^orkbench inStalla^ons in 
Berkeley and Salem* Site visits were made to all three of 
the 6chools to'^^collect teachers' log books and all of the 
programmed textl^ooks in which trainees had entered written 
responses, and to interview both the trainees and the 
teachers • Roy Pleyler", who had replaced John Fessapt as 
the teadier in SalasJ Eric Malzkuhn, who had replaced Harold 
Ramger at Berkeley; and Mr» Zink* 

Tryout data from J;he first three programs were subjected to 
both item tod statistical analysis, and revision of thCL pro- 
grams began early in 1970* A major reorganization of pro*- 
gra^ content resulted in the program titles and outlines as 
they now exist: Program 1 - Mechanical Assembly ; Program 
2 Wire Preparation ; and Program 3/- Asacocbly Soldering * 



As in development of ^he \mt four programs, revised 
materials for the first three programs were subjected to 
testing in the Polaroid-print format before final color 
photography was begun* In this instance, however, devlop- 
mental testing was conducted yith junior high school students 
at the Southwest Los Angeles County School for the Beaf, 
Lawndale* . • 
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"Program Accelerates Teacliiog the Deaf »" Los Anj^elea Times , August 3, 
1969. Section D, p 15. 
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Program Accelerates Teaching the Peaf 



Bt URSULA VILS 
tlmtf IttHWrtftf 

The teacher had the 
highest praise for a teach- 
ing system sametlmes cri- 
ticbjed as being "imperso- 

"This .program,* said 
HftiiT7 Zinfc, for 10 yea^^ a 
teacher tt the California 
School for the De^, Hlvcr- 
dde, "teaches «s much in 
weeks as I could in 36 
wc^s of conventional in- 
struction.* f 

Hi5 referred to a pro- 
gramed method of teach- 
ing electronic, asiembly 
that Is being tested and , 
refined at the school Al- 
though used to train deaf 
teen-agers for jobs as elec- 
tronic assemblers, the pi- 
lot project sought to deve* 
lop a way to train other 
handicapped persons— !n- 
cludlng ttfosft hobbled "by 
poverty and Jack of educa* 
tion-^for gainful employr 
ment in a growing indus- 
try. 

Project DIrecior 
The Department of' 
Health, Education and 
Welfare has funded the 
program and will make it 
available to train others 
through^oui the nation* 
•HEW also called on prli* 
vale industry to help 
make the progtani phtctl- 
cal. not theoretical 

Dr. Leo Persselln of 
TRW*s civil ^tems cen- 
ter is project director, 
with Ellen M. Howarth. 
who dlrect.s electronic 
training at TRW, as tech- 
nical director Dn Feme- 
lin watched as four deaf 
teen-agenp— two girl?, tvto 
boys— worked and readied 
at their benchefi. • 



•Each student has a 
workbook that guides h\h\ 
step-by-step In actually 
assemblying an electronic 
circuit, *Dn Persselln said, 
**Before him he has a tray 
of slides and projector, 
and he refers to these as 
instructed by th<!^ work- 
book. 

Individual Atte&iioit 
**The teacher— In ' this 
case. Henry Zin1c — is 
available to answer .ques* 
tionsi give individual at- 
tention where necessary 
and to djeck the students* 
work/ 

The program includes 
seven ^iteps ranfing from 
leamJng' the care and tise 
of tools, to electronic as- 
sembly rework tech* 
niques. * 

*We figure a studimt 
needs about 10 hours inich 
on each of the se -en 
tte]^,* Dr. Pemelln si.id* ' 

••That mwts that in 70 
hours he can qualify as an 
entry-level electrcHilcs as- 
sembler in industrj% 

*But each.studtnl^ 
proceeds at his own pace* 
and some have gone 
through in asjltile-as 35 

hours.* 

ank/who^as served 'hs 
a consultanUn de%^eloping 
the program, admitted he 
U amazed al its Mia:c>j.. 
He explained some onhc 
difficutiirs of tcachmg 
deaf ^►tudenls. 

•We temrhers have to be 
good- actc^rs as v eil as 
teachers." he said. 'Wc 
limfl our classes to 12 
stuipnts aitd we fight to 
hold their attention for 15 
minutes. 



Kcadiof Level 
•"But I've aetri btudcnl 
btay with this elect ronic 
assembly training ISO mi- 
nutes at a time. The baste 
principle of this type df 
instruction Is that thie 
student Jhas to take certain 
action, has to perform a 
directed task sich as sot* 
derlngawire.* I 

^He must respond to the 
instruction, andf this seemja 
to keep him^tnoire Interest- 
ed.' ^ i - ! . 

Zink also said that thie 
low reading levels of deaf 
students a<. deaf hig|h 
school graduat4 may read 
at slxth^grade level or lc4s 
—makes any kind of irn- 
struction difficult. I 

* **S o m*e of t i e s e btut 
dents,* Dr. PerjM^tUn said), 
•'read at ,onlyl third or 
fourth-grade leVel If thl# 
programed learning ap*- 
proach can succeed with 
them— 4ind we feel ft hai 
•--It opens all | kinds of 
doors, it can b<{j used fo^ 
the cducable m^tntally i. 
t^ed, tor ghetto ths* 
id tots with minimal edu*^ 
cation, for many ntjters." 
••One of the by-products 

of this program,'* Zlnk 
said, *fe teaching lan- 
guage. Tve noticed a big, 
fmprovenjwsnt in my stu- 
dents' lahguaget skills. 
They seemMtb absorb it as 
aif automatic p^jrt of the 
program** 

*rhe studenUi worked on 
dotplte the ending of the 
penod, and Zlnk had to 
slop them. One of the mo^t 
reluctant to leave' wai 
Gcraldine Logan, a pretty 
girl with a warm, serene 
smile. . 

•'Geraldinc.'^ said Zinic, 
**was absolutely not inter- 
ested in typing. But she is 
fascinated witlt electronics 
assembly. And she's a 
smart ^rl— she'll make a 
lot more motley in electro- 
nics assembly. * 



Exhibit 38. Newspaper Clipping! "PjiitJgraBj McsXerataa Jeaching the Deaf." 
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Through the cooperation of Dr» Harry Murphy, principal of the 
Southwest Los Angeles County School-*, an intensive two-webk 
program of developmental testing* was conducted, using seven 
13- and 14--year--old girls and boys with reading achievement 
at the third- and fourth-grade levels* Only selected seg- 
ments of the program materials were tested approximately 

one^ third of the total content of the three programs. How- ^ 
ever;, m^texrial from all three programs was inclu(i^d» . 

Under normal system administration, students as young as;, 
those in the Lawndale test group would never be accepted 
as trainees% The purpose of testing at this age level w^s 
to revise th6 reading level of the prograi^ as fair dowawkrff 
as posslbler. In achievethent ol' this goal, importkit conitri-. 
but ions were made by Dr. Blea in his continuing Ci^pacity of 
language and .reading consultants . I / 

New photography and text production for tlxe first; three |>ro- - 
grams began concurrent with the production of filijo^s trips 'and 
other materials 'for the classroom version* At th<& same .time, 
plans *were being made to introduce the system into a number 
of schools for demonafcration and evaluation* ^ 

In the spring and early summer of 197p, four institutions 
were select^^d i^or this purpose: American School for t^e Dqaf, 
West Hartford, Connectlcutjvijalifomi^ Schools for the Deaf, 
^*lversideJand Berkeley} and^the Salem Rehabilitation- Facility, 
Oregon* altie reason for including the rehabilitation facility^ 
was to evaluate the system for instructidq of other hand|.-- 
capped populations as well as the deaf* 



With the begiimitia of school during the fall semester 1970, 
a total of 24 *t)rkbeiichaB were, installed afc the four deraon- 
stration sit^ — ^. eight workbenches at American School for 

i . * ^ ^ * 

the Deaf, six workbenches at California School for the Deaf, 
B^keleyj, five at the 'Salem Rehabilitation Facility, and a 
fifth workbench added to the four already at California 
School for this Deaf, Riverside. » 

At yearls end^ 'instxruction was well underway at both of the 
California Schools .for the Deaf, and was sdieduled to begin 
early in 1971 at both -American School for the Deaf and the 
Salem Rehabilitation Facility* , 




4 

J 
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ANALYSIS AND EVALUATION 

As noted in the foregoing p^ges, the classroom version of the 

i . • 

Electronic Assembly Self*-In$ tructional Training System was introduced 

into schools on an operational basis during the fall semester 1970* 

As of the date If this repo:t|t^,^ two school^ had begun using the system: 

the Cali'fornia Scltools for j|he Deaf j Riverside and Berkeley, ^pproxi-- 

•••• . ' / 

mately 30 trainees had faegui receiving i&sstruction at the electronic 
assembly workbenches. , None of these trainees, however, had advanced 
beyond the third program in. the series. 

Obviously, insufficient evidence exists to 'draw any conclusions from 
the demonstration and evalixltion phase of the project at this date* 
However > during development|d testing and :>n-site tryout of prototype 
instrtictional materials, apj!»roximately 85 reprfesentatiye deaf and 

A J 

hard of hearing boys and 'gifxi^ o^ompleted all or at least part of the 
series of seven self- ins trufttional programs ♦ While conciusioas drawn 
from their experience arj$ njicessariiy tentative and incomplete, sub-, 
stantial datai do exist whic| provide clear indications of systaa 
effectiveness* 

The discussion which followj; is based on performance da^;a accumulated 
during the developmental testing and onr-site tr>-out of prototype 
materials, and dliring^tfee fjdl semester 1970 at the California Schools 
foi: the Deaf , Riverside ind Berkeley « 

A* Instruetional Ef fectlve|iess 



atructibnJil systm will 



mal intelligence and a I 



All evidence indicates 'that if properly administered, the in- 



result in achlevanent o-f the specified 



learning objectives by ceai high school student^ of at least nor- 



• 5 grade level in readj^ng* 



Other instructional benefits are also*indicajf^ed» Substantial 
improvemeints in reading ability, language skills, and study habits 
were noted on -the part *of, chose trainees who completed the in- 
structional programs* X 
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Becau<?e tmprovemSnt of reading and language skills was not one of 
the specific objectives of the project, no statistical data were 
accumulajced to show this improvement* However, trainees with 
median ot low reading abilities, and with no previous exposure | 
to techi^ical terminology very rapidly began adding words to. their \ 
vocabulary ,Wke the following? anti-^wicking tweeter, bifurcated 
terminal, grommet, glyptal, soldering, swaging,, torque; ratchet,, 
thermal,* diagonal, insulation, seizer, fillet, turret, stress, 
crimp, harness, circuitry, component, syringe, replacement* The ' 
trairs^es used the words correctly, and they spelled the words 
correctly. 

Of necessity, in the course of completing the instructional pro- 
grams, the trainees learned to read instructions carefully, to 
^interpret those instructions, and to follow them exactly* This 
was a difficult achievement for many of the students Vho came to 
the training course with poor reading and study habits, 

A related, profalean for many trainees was that of learning inde-* 
pendently. Ifeaf slAidents tend ta be highly dependent on their 
teachers. In beginning their programs of self-instruction, most 
trainees felt very uncomfortable in being asked to proceed on their 
own* The final outcome for many trainees included a substantial 
improvement in self-conf iTdence. ^ \ 

As discussed on pages 53-56 (Length of Curriculum) and indicated 
in Exhibit 28, the fiat^ show that trainees who fiad the highestj^ 
amination scores and produced the besip workmanship also tety*^ to 
proceed through the course of s el f-iijfst ruction at the fastest pace. 
"A prime Variable, in the pace of-aelfpinstruction was that of the 
individual period of instruction. Ijfhe^ longer the dally period of 
instruction, the faster the pAce tended tb be. 



/ 
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^Adapti^veness to ladlvldual Dlfferencas 

Adminiatration of Ndnstructioa both during tryout and regular 
schoojL operations revealed the system to be both flexible and ^ 
adaptive to trainees' individual styles of responding to pro- 
grammed textl^bok. and filmstrip materials/* 

The S^rf4r instructional program materials were designed for a 
trainee to begin with a ,f rane of text instruction and its coor- 
dinated fraxae of filmstrip', and' then proceed frame-by-frame 
through text and filmstrlp simultaneously for the Jiuration of each 
instructional p(E|riod\ Some of the trainees proceeded in exactly 
this manner. Others » however* would first review the upcoming • 
section of- text material only» \et^m to the beginning of the 
section, and t^hen proceed firame-by- frame through both text and 
filmstrip. Others would begin each in^ructlonal period by first 
reviewing upcoming filmstrip material itidependently, ahd then 

^ return tp receive instruction frame-by- frAme from both text and 
' f 

filmstrip. ' ^ 

• The last pattern reviewing the filmstrip independently before 

beginning frame-by-frame* coordinated text and fijmstrip inatruc- 
tion — appeared to be the most prevalent. Trainees were per- 
mitted to proceed in whatever way was most comfortable for them* 

So differences in learning achievement were noted as the result 

ft 

of these different approaches to self-instructUon. 

Another aspect of individual dif fences in trSlnee behavior was 
manifested in the intersocial relationships between trainees at 
adjacent workbenches* 
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Some trainees tended to Ignore one 'ano;;her compJLeteiy* Others ' 
would monitor their neighbors*' woirk, K^ompatB workmanship, and 
sometimes discuss the instsLuction. Paifs of. trainees a|:^^ adjacent 
workbenches would sometimes pace each other, not trying to out do'- 
one another, out ^carefully keeping abreast of one another as th^y 
proceeded throi^^ programs. Others would compete/ attempt- 

ing* to work as rapidly -as poiBSible in order to Iceep up with faster^ 

individuals. . ' , ( 

1 
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Trainees appeared to beae£it fron ccrtaparlQg their work and pacing 
one another* However, the highly cc««petitive individual , typical- 
ly tended to work faster thap was good for hife»» He vould tend .to 
skip instruction or nor respond correctly, and his wortoawtdAhip 
^uid suffer. The teacher constantly would HaVe to prescribe 
reaediai instruction and try to slow hia down |.n order to bring 
his work Up to standard* 



Peer-Tutor Characteristics 



Administration of the system in it multiple-workbench situation 
appeared to stisnulate highly product iv?5 pepr-tutor relationships^ 
aaong trainees. Without being initiated by the teacher, these 
relationshij^s developed* spontaneously in every group (Exhibit 39). 

SloC^er learners needing help would turn to ^ose who were pro- 

ceeding faster and doing better. The faster trainee appeared to 

enjoy the role of t&tor, and typically did an effective job. 

♦ 

Once begun, constructive ipeer-ttltor relationships were strongly 
encouraged. They proved not only to be mutually beneficial to 
the tralneea^^ut also were very helpful to the teacher* 'Peer- 
tutor relatlonsliips tended to relieve demands on the teacher's 
titae during critical periods of intrpduclng new trainees into the 
system, ^administering at^ grading examinations, etc. 

Motivational Aspects » \ 

As not^d in pages 56-58 ( Trainee Satry Requirements ), a student's 
behavior in Xhe training systea often was quite different from his 
brtha^tor in other types of instructional situations. Trainees 
wii^h limited attention span in the conveafioaal classroom t^yplcal- 
ly would spend hours absorbed in their work at the electronic 
ass«jibly workbench. _ » 

Van system tended to be highly motivating for those trainee* wh'o 
entered instruction wanting to learn. electronic assembly skills, 
ana^i4L^t ended to maintain and strengthets the interest of those 
who at least were billing to find out what the course waa al,l sbout 



Thete were no indicacfons of Hawth<|me effect - — interest 
in the course 4ld oot diminish ithC novelty of thersyftteoi 
vore off* To the concrary, interett increased m£ thk trainee 
•oved from f^rdgram to program, advancing to increaal^ngly more 
complex aspacta of the eiectronlc aaaea^lerU job,, learning 
ttf uae new tooUt perfecting the altills he waa learning, 
gaining tncreaa%*d coiifid^hce In hia ability to follow" tech- 
nical instruct iona and do e^Uctly uhat vas required, and 
having the satisfaction of fctuall^ buildinji something. 

No attempt was made to introduce MdtivAtional stimuli into 
ttatbodk or jfilmatrip content. The chassis assembled by 
each trainee w^re'non-functltcmal* Moth^lng built by the 
trainee could be plugged in and madf to wotk^ This did npt 
se^ to make any difference^ . 

During the Riverside summer school tryotit. Ln 1969* (Jbe 
pagas ft>-85), the twinees uixe tmkn^n on a- field trip to 
tour the manufacturing faci]| it Le^ ^f TRH Systems. Groups 
Redondo Eeach, Califoxu>ia.. |Th3l^ vi^it was' made at a tiiie 
when moat of the traini^as ^^d*' progressed mpre than half-way 
through the series of aavlin prograaw. One. of the tour guicies 
was a deaf^ electronic aasembler with several years of on*-the« 
Job experience at TRW Systems. * 

Tralneea had the oppiortunity up see skills they^were learn- 
ing actually being applied in real**life %rork situationa. 
T^ey wa*t<^ed while assemblers put together canponents for 
spao^craft and kooviunication satellites in many Instances 
working fliflth^ types of assembly instructions and wire harness 
boards aimost '.dent leal to those la the training syst^. 

The experience was highly stiaulatlng. A comparable field 
trip would be recosnend^d for every trainee who goes through 
the system. 
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A vexj ^cbljip^jrehensiva determinantf* of ^instructional effectiveness 
is that of ^yc; tern management". and adn/ini§tr"ation. The trainee 
always, must bre >t>le to ,find tools, yiparts^ apd materials exactly 
wl^ere tihey are supposed . to be on tjrie ^workbench at the moment he 
needs them, . >LaHing ^ure that everything is where it^s supposed 
to be is an imporant p^rt of the /teacher's job. In addition, • the 
, teacher always "THust. be available when a trainee needs him, 
'^o matter ho^ few self-inst^ctional workbenches are occupj^ed ^, 
administration of £he '^ystemi^is a full-time .job , 

-'ils discussed on fjages. 58-59' (feajcher Requirements >, the most lm~ * 

portaflt qualification for th^' teacjifer is a knowledge of electroni 

■ ^ i , ^ *'■"■- 

assembly tecHn^ques and standards, Experienc^ in initi^at-ing in- 
struction at;, the California Schools fot the Deaf, ^Riverside and - 
Berkeley during the fall semester 1970, t^as botne this out. 

None of the tffachers at the'^ f our demons tiratipn and evaluation 
si^es had previous experience in deaf educatidia or in coramunicat- 
ing with the deaf* All of them had experience iti electronics, ' 
however, - * • ^ ^ - - * ^ -\ 

At Amei^icaa School for^he Deaf,' Wes f^Har'tf ord, Connecticut, ""'the 
systjM was introduced into the curriculum by Edmond Cas&etti, 
Director of Vocational Education 'and' Rehabilitation Services - - 
(Exhibit 40) r To' te^ioh t^i course, lyhr, Cassetti, \lirh& himself has 
experience in electronics; selected Paul Rakyta, whcr^ame to the 
scKool directly from 25 years in the electi;onics industry, \ 

Tfie teacher at .the Salem ""IfeKabilitat ion" Facility, Oregon, fs Mrs. 
Josephine Copple (Exhibit ^0) • Mrs. Copple previously had in- 
structed and supervised wire harness building and other electgpni 
assembly subcontract Work at the Facility's sheltered workshop. 



.. • I • . V - , 

Gej;ald\Peterson (Exhibit *4lK the te^acher at the Cajiforliia 
School for^the Deaf, Riverside^ is a;tecent cofleg€ graduate in 
education with electronic experience •both in the Navy .arid in 

Sam^Nplan .(Exhibit 41),*the teacher at the California Sdhool for 
the Deaf, Berkeley, is a, 25-year retired veteran of Naval elec- 
tro^jics w^^f came to tTie school directly from a job as an electroni 
"^-techriician^inv a government research laboratory., ^ \ 

' " • ' ' • : ^ . . . • [ 

To date, no major problems in system administration haye emerged 
at the dcjmdnstration ^aiid evaluayx)n schpdls- The tninpr diffi- 
cMties ,eT!ic6untered have been typ^chl of what, might be expected 
daring the start-up of any innovative ^ cpuirse by a teacli^r wrth no 
.previous experience Iti deaf^educ^tion. "At both Riverside and 
Berkeley, the trainees pace of a49,ancement and the .quality of' 
their wotk have been consistent ^Tth what was produced during 
the tryouts administered by^ proj<act personnel and consultants. 



Application o'f ^be IngtructiSnal Concept ^ ^ . 

E>fcperience to date indicate^' that the instructional model upon 
■which tne system is 'based Jfe^e pages 6-8^ Instructi^al Concept) - 
is a valid one fbr this particular instructional application. 
The combination of programmed Jtextbook and f ilmstriprspiaterials 
has more than fulfilled expectations. \ • ^ 

As recently as^ the summer of 1969, QonSultaril:s in deaf education 
aA4 electronic assembly were .continuing to estimate that it would 
nbt be possible /to successfully administer thfe system to an indi- 
Hdual with^a reading level* of 'lower than sixth grade. The ^ 
/ achie^lment in^l^ering that grade level to 3.5 is a direct re- 
siflt of the carfeful planning and construction of lesson content 
and the developmental testing ,s^ prototype tryoutj and ^vision 
procedures which-were followed in prpgranl development. 
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The cotijcept which ynderli'es » the combining of programmed 'textbogk 
and filmstrlp-vmkterials in the system is one of complementary 

communication. Lesson presentation does not consist of text . 

- \ ^ ' > 

njjiterial ijli^itrated by the filmstri^. Neither do^s it' consist 

04 4 f4.1mstrip presentation .supplemented by tfeXl;. 

The Specific oi)jective of each ste^p of lesson presentation was 
analyzed to determine how each of the medi.a could be used in its » • 
own best manner to the fullest effe'Ct for communicating instruc-* 
' tidhaj" content. Text and filmstrlpf. materials were then developed 
concurrently. Theiaim was to make programmed texftpok and film- 
strip content: as complementary and mutually reinforcing as 
.-possible, while at t&ev same ' tiijie avoiding redundancy and keeping 
*the ^communication as siimple and as unambiguous as possible. 

the success of the instructional concept and the programmed text- 
^ book/films trip approa^ch for deaf high school students has suggested 
^^h^'theVjmight be just as valii^-not only for other handicapped 
^ popul^tioivs , but also J[or. individuals with a broad range of learn- 
ing problem^. The administration of the instructional system at 
the Salem Rehabilitation Facility will test fhis possibility dur- 
ingr the coming year. / ^ ^ • • 



^.Lt has 



las ^ been, suggested also that the instructi^li^l system^might 
prove effective foi learners w^.th English as a second language, 
^e.Jg., Sf)anish~speaLking*populations.' The supppsitioi) is that the 

system not only would sjucceed in teaching such' learners vocational / 
. skills, but al^sf^o might aubstat^tially improve their English ^/ 
^^.^language skills; ,This rema^^nS-to be , determiiiied. / 

/ \hat is^most evident at jpresent is thate'the instlnictlonal concept/ 
and the m&dia approack used in the electronic assembly .system 
might be highly adaptable to the programmed learning of\ other 

: ^ ' • ^ \ / 

vocational subjects. Suggestions have- included vocational areas 
of printing, automotNive work, and electronic theory,- and \advancied 
ar^as of electronic assembly, quality Assurance, and the work bf- 
the electronic technician. * 
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In the Electronic Assembly Self- Instructional Training System yfor 
the Deaf, the concept /Wdrks\ It lends itself to practical appli- 
cation in an operational school" situation. It results in learn- 
ing. The learners appear tP enjoy the Qpcperience. ^ * ^ 

The Project Director visited the Calif ornia^ Sqhool for the Deaf, 
'Betkel'ey, during the first week of system administration -during '* 
the fall s'emester 1970. As he was leaving- the electronic assembly 
classroom at the end of the second day, one of^ the t:^inees handed 

him a not4. The trainee was a ygaing girl who was having an ex- 

'J . 

tremely difficult time, and who was advancing mo ryfe slowly than 

r , ' y * > 

the rest of her grou^. The note is Exhibit 42 1 \ - ■ ^ 




Exhibit 42. Note From T^^aii^e, 
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